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ABSTRACT
For almost a decade and a half, writers have expressed diverse 
prognostications and observations regarding the impact of the computer 
and information technology on business managers and their functions.
The objectives of this investigation were three-fold: (1) to explore
these writings in the literature, (2) to examine the experiences and 
expectations of practicing managers through primary research, and 
(3) to compare the writings to the empirical findings, subsequently 
providing a basis for the extrapolation of implications for the future.
Six research hypotheses guided the investigative effort to 
determine the impact of the computer on managerial functions:
1. The advent of the computer has changed certain composite 
activities required for the discharge of managers’ 
primary functions.
2. The alterations in the performance of management functions 
which the computer has generated thus far have been 
evolutionary rather than revolutionary.
3. Managers expect the rate of computer-fostered change 
exerted on the performance of their primary functions to 
accelerate.
4. The magnitudes of computer-induced changes in the per­
formance of composite activities vary by category of 
management function.
xi
5. The levels of computer-caused changes in the per­
formance of specific management functions vary by type 
of organization.
6. The severities of computer-engendered changes in the 
performance of particular management functions vary 
by level of management.
Three primary areas of the literature were reviewed to establish 
a background for planning and evaluating the empirical research:
(1) nature of traditional management functions, (2) advent and 
utilization of the computer, and (3) effects of computerization on 
management functions. In-depth studies of the experiences of three 
levels of managers at three firms offering production, marketing, 
and finance perspectives of the impact of the computer on five categor­
ies of managerial activities were conducted utilizing questionnaires, 
interviews, and supplementary sources of information. A petroleum 
refinery, a department store, and a commercial bank represented the 
three types of business organizations examined, while the functions 
comprising the five categories of management tasks included planning, 
organizing, staffing, directing, and controlling.
The first two hypotheses are conclusively supported, the third 
is moderately affirmed, and the last three are substantially verified. 
Thus, the evidence obtained in this research indicates that while 
virtually all managers in the three firms examined recognize some 
computer effects on their functions, the overall impact perceived to 
date has been only slight to moderate. Expectations for the future 
are divided between a slight majority of managers who anticipate faster
computer-fostered changes and significant minority groups who feel that 
the pace of alteration will level off and perhaps decline somewhat as 
more difficult computer applications are developed. A substantial 
number of inter-function, inter-firm, and inter-level comparisons of 
computer effects at the three companies confirm the presence of 
statistically significant differences associated with all three types 
of variations.
Planning and control functions appear to be affected more than 
the other managerial activities at this time, accompanied by slightly 
stronger impacts at the middle-management level and at the finance- 
priented firm, than are reported for other groups.
All three organizations studied are working toward the achieve­
ment of highly integrated EDP information systems. The implications 
for future managers indicate that their work will be much more com­
plex as the "total system" is taken into consideration in making 
decisions, although the computer promises to be of great assistance in 
meeting these needs. Demands for creativity and imagination in using 
computers as effectively as possible will undoubtedly tax future 
executives, with each organizational environment presenting unique 
problems and resulting in dissimilar computer impacts on its managers.
CHAPTER X
INTRODUCTION
The advent of the electronic digital computer has brought prom­
ises of profound changes for mankind. Some writers have heralded its 
development as overshadowing the importance of such outstanding 
technological innovations as the wheel, the printing press, the steam 
engine, or even atomic energy.* This argument is based on the asser­
tion that each new development builds upon the steadily enlarging 
foundation of prior achievements and that, therefore, its potential 
for benefitting society enjoys an acceleration effect.
The combining of this powerful "Engine of the Eighties" with 
new thinking and experimentation in the area of information processing 
has led to a substantial number of speculations regarding the impact 
of the computer on the management of business organizations. This 
tool has already served to expand greatly the effects of the indus­
trial revolution which began over a century ago. Facilitated largely 
through the use of computers, mechanization blossomed into large- 
scale automation, which subsequently has progressed a step farther to
^Gilbert Burck, The Computer Age and Its Potential for Man- 
agement (New York: Harper and Row, Publishers, 1965), pp. 1-2.
Also, Shirley Thomas, Computers: Their History, Present Applica­
tions, and Future (New York: Holt, Rinehart and Winston, Inc.,
1965), p. 7.
^James H. Binger, "Engine of the E i g h t i e s Industrial Manage­
ment , IX (March, 1967), 7-11.
^See Chapter III, Review of Literature: Part II, pp. 50-67.
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produce the young field of cybernetics.^ It is said that the day when 
complete electro-mechanical systems not requiring any human inter­
vention for productive processes is drawing closer and will soon 
become a reality.
While the predictions of what the ultimate impact of the com­
puter on management will be have varied widely, it is clear that 
business firms will have to make use of this technological advance 
along with others in an increasingly complex and competitive environ­
ment in order to survive. Peter Drucker has asserted that changes in
the tools and concepts which managers employ will change not only what
£
they do and how they do it, but indeed, what they are.
Objectives of the Investigation
The emergence of the electronic computer and its accompanying 
information technology has been widely recognized as one prominent 
symbol of the overall changing business world faced by managers.
Hence, some insights into the types of changes suggested by Drucker 
may be gained from a study of the implications of this major develop­
ment altering managerial roles. The central purpose of this investi­
gation is three-fold: (1) to explore in the literature the prognos­
tications and observations of recognized "experts" regarding the
^Herbert A. Simon, The Shape of Automation for Men and Manage­
ment (New York: Harper and Row, Publishers, 1965), p. 6.
^Donald N. Michaels, "Cybernation: The Silent Conquest,"
Computers and Automation, XI (March, 1962), 29.
^Peter F. Drucker, "Management's New Role," Harvard Business 
Review, XLVII (November-December, 1969), 50.
impact of computers on management; (2) to examine through primary 
research the experience and expectations of practicing managers 
in order to determine what effects computerization is exerting on th 
basic nature of the activities which they perform; and finally, (3) 
to compare the writings in the literature to the findings of this 
empirical field research, subsequently providing a basis for the 
extrapolation of implications for the future.
It has been propounded by management traditionalists that 
primary managerial functions are universal, regardless of the char­
acteristics of specific organizations and levels within hierarchies 
of authority.^ However, various types of business firms have been 
affected differently by their complex environments, and in particula 
have had unique experiences resulting from computerization. Perhaps 
then, the nature and style of performance of the "universal" 
functions undertaken by executives in dissimilar situations may also 
reflect these variances.
A number of authorities in the field of computers have prog­
nosticated substantial and abrupt changes in organizations as a
8result of computerization. Recent studies of some types of firms 
thought to be forerunners in electronic data processing equipment 
utilization, however, have not borne out such revolutionary develop­
ments as the elimination of middle-management-level executives,
^Harold Koontz and Cyril O'Donnell, Principles of Management: 
An Analysis of Managerial Functions (4th ed.; New York: McGraw-Hill 
Book Company, 1968), p. 54.
^Charles W. Hofer, "Emerging EDP Pattern," Harvard Business 
XLVIII (March-April, 1970), 16-18, ff.
9great centralization of decision making, and the like.
This research is addressed to the specific objective of dis­
covering and interpreting the experiences and expectations of managers 
at three levels, within three different types of business firms, 
regarding the impact of the computer on their elemental managerial 
functions,
Basic Underlying Hypotheses
This study is predicated on the previously-mentioned conception 
that managers of business organizations perform certain identifiable 
activities which may be grouped into primary categories termed 
"management f u n c t i o n s . T h i s  researcher asserts that the techno­
logical advance of computerization has left no organization totally 
unaffected,and moreover, has had some impact on these primary manage­
ment functions in all situations in which this tool is utilized.
Most business firms, on the other hand, probably have not yet witnes­
sed truly radical transformations as a result of computers and infor­
mation technology. Whatever the changes are, they may logically be of 
differing significance and character, depending on each manager’s 
unique situation.
Six fundamental research hypotheses summarize these general
assertions succinctly:
1. The advent of the computer has changed certain composite 
activities required for-the discharge of managers' primary
^Loc. cit.
lOSee Chapter II, Review of Literature: Part I, pp. 15-2.5.
5functions.
2. The alterations in the performance of management functions
which the computer has generated thus far have been evo­
lutionary rather than revolutionary.
3. Managers expect the rate of computer-fostered change 
exerted on the performance of their primary functions 
to accelerate.
4. The magnitudes of computer-induced changes in the per­
formance of composite activities vary by category of 
management function.
5. The levels of computer-caused changes in the performance
of specific management functions vary by type of organi­
zation .
6. The severities of computer-engendered changes in the 
performance of particular management functions vary by 
level of management.
Sources and Analysis of Data
In order to test these hypotheses and fulfill the general pur­
pose previously noted, two primary sources of information were 
utilized in this research: (1) a search of recent literature rele­
vant to the several areas under investigation, and (2) an analysis of 
the experiences and expectations of the managers of three companies 
participating in the study,
LITERATURE SEARCH SETS BACKGROUND
The literature search involved three primary areas. First, the 
nature of the universal set of "traditional functions" of management 
was examined. The general characteristics of each category of 
activities are described according to the views of prominent scholars 
in the field. With some basic standards thus established, changes of
various types can subsequently be measured.
Secondly, an intensive investigation of the major technological 
development under study was performed. The emergence of the elec­
tronic computer as a useful tool for managers is retraced in order to 
gain proper perspective for a clear understanding of its most impor­
tant applications, and subsequently, an appreciation of its impact 
on the primary functions of management.
Finally, a number of the predictions and observations of the 
computer's impact, as expressed by various scholars and practicing 
managers, were sampled. The perceptions of the changes thought to be 
now in progi*ess or approaching in the future vary significantly, and 
it seems advantageous to keep in mind some of these viewpoints as 
current operating data of three firms are examined. Thus, the liter­
ature search strives to establish a broad perspective from which to 
explore new facts.
CASE STUDIES PROVIDE EMPIRICAL EVIDENCE
Three case studies were conducted to determine the impact of 
the computer in diverse situations. The first firm examined was a 
petroleum refinery, engaged predominantly in production operations.
The second organization was a large branch department store in a 
national retailing chain, concentrating its objectives in marketing 
activities. And the third institution researched was the main office 
of a commercial bank corporation, focusing its attention primarily on 
financial matters.
Four steps were taken in order to provide sufficient information
upon which to draw conclusions regarding the experiences of these 
three case study organizations. First, initial interviews and con­
ferences with managers at various levels in the three participating 
firms provided general background information along with indications 
of specific areas which needed to be explored in depth.
Subsequently designed and pre-tested questionnaires enabled more 
detailed perspectives through large numbers of respondents. These 
written answers were supplemented by a series of depth interviews 
with executives in positions which permitted them to provide greater 
insights regarding specific business functions or computer operations.
And finally, an examination of pertinent company historical 
data and projections for the future satisfied the need for documenta­
tion and confirmation (or its absence) of interview and questionnaire 
information.
The data gathered from the case studies are quantifiable only 
11
on an "ordinal" level; that is, it is not feasible to compute 
precise intervals and ratios among differences of impact from com­
puterization over a broad range of activities which are uniform for
1 O
all three firms. Accordingly, nonparametric statistical procedures, 
which do not impose such rigid restrictions and underlying assumptions 
as the parametric tests, including analysis of variance, were applied 
to determine significant differences among cells and homogeneity 
within them. A chi-square test and an extension of the median test
^ S e e  Chapter IV, Methodology, p. 103.
■^Sidney Siegal, Nonparametric Statistics for the Behavioral 
Sciences (New York: McGraw-Hill Book Company, 1956), p. 2.
were used for the initial statistical screening, and the Kolmogorov- 
Smirnov test served as the primary analytical device. Nonquantitative 
information obtained through the depth interviews is summarized in 
the appropriate discussion sections.
Limitations of the Study
The most obvious limitation of this research in terms of the 
generality of its conclusions involves the use of three selected 
case study participants. Although considerable effort was made to 
use firms which were thought to be leaders in their diverse areas of 
business, the final selection process included only those candidates 
familiar to the researcher and expressing a willingness to take part 
in the study. Thus, the findings of the research are applicable 
specifically to the three firms involved, and they should not be 
considered representative of all firms, or even those which may appear 
to be similar to these three. The generalizations suggested from this 
study certainly are subject to further testing, as noted in the final 
chapter.
Secondly, since these firms are currently operating in an 
increasingly competitive environment, some desired information was 
withheld by the participants in order to protect their positions des­
pite the use of disguised names. This phenomenon appears to be 
particularly evident in the case of the marketing firm. Although the 
precise magnitudes of some descriptive data are altered, the basic 
findings regarding the impact of computerization are reported as 
accurately as possible.
A third limitation derives from the fact that there is consid­
erable interaction among the numerous technological, sociological, 
and organizational influences which generate the total impact toward 
changing the nature and performance of managerial functions. Specific 
secondary and tertiary factors are noted in the discussion when it is 
felt that their influence may be particularly significant.
In addition, the absence of precise numerical data legitimately 
meeting all of the assumptions and requirements for certain powerful 
statistical manipulations dictates a less sophisticated scheme for 
analysis. Further, it is recognized that some of the observations 
and conclusions proffered by the managers questioned are less ac­
curate than others because of varying personal abilities or willing­
ness to interpret objectively. Naturally a vested interest in a 
particular computer project is likely to color the conclusions drawn 
regarding its impact on the company and its management. The effects 
of such factors should, however, be greatly reduced by the inclusion 
of relatively large samples of managers at various levels in the 
three firms studied.
These limitations, it is believed, do not preclude a valid 
attempt to pursue the basic objectives for the research. Sufficient 
supplementary evidence, including various company documents and 
reports, exists to test adequately the hypotheses stated, as well as 
to give insights into what broad characteristics the future of 
management may imbue as a result of further computerization.
Definitions of Vital Terms
10
While most of the technical terms used in the presentation of 
this research are explained at the point of immediate application, 
several basic concepts are important enough to warrant interpretation 
at the outset.
The term "computerization" is meant to indicate the utilization 
of electronic data processing hardware and its attendant "information 
technology," including the gathering, storing, processing, analyzing, 
and disseminating of information using various mathematical tools
13and simulation techniques.
The primary business "line activities," or the predominant
"organic functions" by which business firms utilize their resources
to generate revenues, are to be distinguished from the traditional
"functions of management." The former, as discussed by Ralph Davis,
include three major areas of operation: (1) production, (2) market-
14
ing, and (3) finance. It is on this basis that the case study firms
themselves are differentiated, according to primary area of emphasis.
On the other hand, "management functions," as proffered by a number
of traditionalists, include the activities of (1) planning, (2) organ-
15izing, (3) staffing, (4) directing, and (5) controlling. The
Harold J. Leavitt and Thomas L. Whisler, "Management in the 
1980's," Harvard Business Review, XXXVI (November-December, 1958),
41.
l^Ralph C. Davis, The Fundamentals of Top Management (New York: 
Harper and Brothers, Publishers, 1951), pp. 205-213.
l^Roontz and O'Donnell, loc. cit.
specific tasks of which these functions arc comprised, in turn, con­
stitute the investigation points for the examination of the effects 
of computerization.
Each of the three firms studied has its own unique top, middle, 
and supervisory management levels. But in general, "top management" 
represents that group of executives holding positions in the highest 
echelons of authority, beginning at the top line position and in­
cluding those who head the primary divisions or departments in the 
firm. "Middle managers" begin with the assistant managers in these 
primary divisions or departments, and include those heading major 
groups within them. "Supervisory managers" include those who super­
vise operative personnel at the first (and second, in the manufact­
uring firm’s taller organization structure) level of work activity.
The "systems concept" offers an extremely valuable perspective 
for viewing and analyzing the evidence in this study, as well as per­
mitting managers to assess their own roles and functions in the light 
of computerization. "It provides a framework for visualizing internal 
and external environmental factors as an integrated whole. It allows 
recognition of the proper place and function of subsystems,"^ Thus, 
by this concept is indicated a philosophy or frame of mind to be 
applied both by those who manage and by those who observe managers. 
This approach is taken in the evaluation of the evidence gathered 
in this investigation, in the derivation of conclusions regarding the
l ^ R i c h a r d  Johnson, Fremont Kast, and James Rosenzweig, "Design­
ing Management Systems," in Peter P. Schoderbek, ed., Management 
Systems (New York: John Wiley and Sons, Inc., 1967), p. 113.
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impact of the computer on managerial functions to date, and in the 
projection of implications for managers and their functions in the 
future.
Preview of the Presentation
Chapter XI reviews two areas of the literature which provide a 
basis for the clear understanding of the main problem of this study:
(1) the nature of traditional management functions, and (2) the advent 
and utilization of computers in business. Chapter III continues the 
literature review with a careful examination of representative 
observations and predictions for the impact of computers on managers.
Chapter IV presents a discussion of the nature of the research 
design and the methodology directing the procedures of data collection 
and analysis.
In Chapter V, the backgrounds of the three case study firms are 
described, including primarily, these areas of interest: (1) general
scope of operations, (2) nature and philosophy of management, and 
(3) development of computerization.
The major presentation and analysis of data related to the six 
research hypotheses is included in Chapter VI. The observations and 
perceptions of various levels of managers in the three firms studied 
regarding the impact of the computer on their primary functions are 
scrutinized to determine whether the research hypotheses are supported. 
Chapter VII continues the data analysis, presenting a number of supple­
mentary findings which help to specify those particular situations, 
groups of executives, and aspects of management functions which are
13
associated with the largest and smallest degrees of computer impact.
Finally, Chapter VIII derives some overall conclusions related 
to the six basic research hypotheses and supplementary findings. It 
then goes on to incorporate final predictions and implications for 
future managers, along with recommendations for further study.
CHAPTER II
REVIEW OF LITERATURE: PART I
UNDERLYING AREAS RELEVANT TO COMPUTER'S IMPACT
Three broad areas of the literature are examined in order to 
provide a meaningful background for evaluation of the empirical 
case study research findings which follow. The first two topics 
are considered in this chapter, while the third is more expansive 
and warrants separate treatment in Chapter III.
Since the computer's impact on the execution of management 
functions is the central issue being investigated, some insights 
regarding the existence and general nature of such functions ini­
tiate the discussion. Although the precise terms used by different 
authors may vary, there is strong support for the idea that sev­
eral major categories of activities are performed by managers at 
all levels in all types of organizations. These "universal func­
tions" are dissected in order to bare the rudiments and indicate 
areas which represent potential for change in a dynamic setting.
The advent and general acceptance of the computer by business 
managers has occurred extremely rapidly. Despite the short time 
span in the evolution of computerization, the steps of advance­
ment have been immense. In order to provide some conception of 
the historical development of computers and information techno­
logy, the major events in the development of this valuable inno-
14
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vat ion for management are retraced.
With these two underlying areas reviewed in this chapter, 
attention is turned in Chapter III to the observations and predic­
tions of practicing managers and academicians regarding the impact 
of computerisation on management. Conflicting projections of the 
business organization of the future are contrasted and followed 
by likewise divergent evidence from recent empirical studies.
The conclusions and implications generated by this investiga­
tion can thus be assimilated into a growing body of theoretical and 
pragmatic research. By its very nature, however, the literature 
must mature without finality, with each new fragment of evidence 
shaking old conceptions and building newer and more modernistic 
notions.
Nature of Traditional Management Functions
One important viewpoint in management thought which has changed 
very little over the years is that of the traditionalists--that the 
process of management is universal and can be described in terms of 
fundamental concepts and truths.
BASIC FRAMEWORK ESTABLISHED BY PIONEERS
Henri Fayol, French industrialist, is generally regarded as the 
originator of this functional or operational school of management.
He was the first writer to identify broad categories of managerial 
activities as major universal elements of functions, citing five 
predominant ones in 1916:
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(1) planning (including forecasting), (2) organizing, (3) com-
1
manding, (4) co-ordinating, and (5) controlling. Further, he
explained broadly what each function was intended to include:
To foresee and provide means examining the future and 
drawing up the plan of action. To organize means build­
ing up the dual structure, material and human, of the 
undertaking. To command means maintaining activity
among the personnel. To co-ordinate means binding
together, unifying and harmonizing all activity and effort.
To control means seeing that everything occurs in con­
formity with established rule and expressed command.^
Oliver Sheldon, writing in England in 1923, discussed four
major functions of managers: (1) determining business policy,
(2) coordinating the execution of policy, (3) organizing the bus­
iness, and .(4) controlling the executive.3 Sheldon's division of 
the management process was essentially the same as Fayol's, except 
that he combined the command and control functions.
James Mooney and Alan Reily were among the first American 
managers to author discussions of management functions and princi- * 
pies. In 1931 they cited (1) organization, (2) coordination, and
(3) leadership as fundamental elements of managing a business.^
Further, they constructed interrelationships among principles, 
processes (functions), and effects using a basic logical scheme
■'■Henri Fayol, General and Industrial Management, trans. by 
Constance Storrs (London: Sir Issac Pitman & Sons, Ltd., 1959),p.3.
2Ibid., pp. 5-6.
O
-’Oliver Sheldon, The Philosophy of Management (London: Sir
Isaac Pitman & Sons, Ltd., 1923), pp. 32-33.
^james D. Mooney and Alan C. Reily, Onward Industry (New 
York: Harper and Brothers, 1931), pp. 6-7, ff.
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developed by a German scholar, Louis Anderson, in 1921. Mooney 
and Reily included Fayol's function of control in their concept 
of coordination, as well as implying planning within the organi­
zation phase of the management process.
Lyndall Urwick, another British management consultant, syn­
thesized Fayol's original group of functions (six, with the sep­
aration of forecasting from planning) into Mooney and Reily1s 
framework:
t
PRINCIPLE PROCESS EFFECT
Investigation Forecast Plan
Appropriateness Organisation Coordination
Order Command Control
The six items in the two right-hand columns, it may be seen, are 
grouped together as three pairs of management functions.
Ralph Davis, among the best known American management pioneers, 
wrote first in 1935 and subsequently has elaborated that all manage­
ment activities can be reduced to this same basic least common de­
nominator of three "organic functions:" (1) creative planning,
7(2) organizing, and (3) controlling. His descriptions of these 
functions also closely parallel those indicated by Fayol, Sheldon, 
Mooney and Reily, and Urwick:
%jOuis F. Anderson, Das Logische, Seine Gesetze und Cate- 
gorien (Leipziz: Felix Meiner, 1921).
^Lyndall Urwick, The Elements of Administration (London: 
Harper and Brothers, Publishers, 1943), pp. 16-19.
Ralph C. Davis, Business Organization and Operation 
(Columbus, Ohio: H. L. Hedrick, 1935), p. 18.
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Creative planning is the work of determining and speci­
fying originally the factors, forces, effects and rela­
tionships in the accomplishment of designated objectives. 
Organizing is the work, of creating in advance the basic 
conditions that are a prei-equisite for a successful exe­
cution of the plan. Controlling is the work of constrain­
ing and regulating the activities of the organization in 
accordance with the requirements of the plan.8
Chester Barnard developed a similar scheme in 1938, describ­
ing three parallel functions of executives: (1) formulating and
defining purpose, (2) providing the system of communication and 
organizational positions, and (3) promoting the securing of essen­
tial efforts from personnel.^ Barnard did place more emphasis on 
' informal relationships than was true of the other traditional pio­
neers cited, but aside from his social-systems viewpoint, the major 
functions described were very much the same. ■— ■*»
One relatively early traditionalist, Luther Gulick, expanded 
the concept of the essential activities comprising an executive's 
work, coining the acronym, "POSDCORB," to represent seven primary 
processes: (1) planning, (2 ) organizing, (3) staffing, (A) direct­
ing, (5) co-ordinating, (6) reporting, and (7) budgeting.^ Thus, 
he was probably the first prominent writer to recognize staffing 
as a separate major function, and also distinguished between report­
ing and other aspects of control, including budgeting.
®Ralph C. Davis, Industrial Organization and Management (3rd 
ed.; New York: Harper and Brothers, Publishers, 1957), p. 54.
^Chester I, Barnard, The Functions of the Executive (Cambridge, 
Massachusetts: Harvard University Press, 1954), pp. 217-231.
■^Luther Gulick, "Notes on the Theory of Organization," in Papers 
on the Science of Administration; ed. by Luther Gulick and Lyndall 
Urwick (New York: Institute of Public Administration, 1937), p. 13.
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SAME THEME REITERATED BY RECENT CONTRIBUTORS
The last several decades have witnessed a proliferation of 
management scholars echoing substantially the same ideas expressed 
by these earlier traditionalists. Figure 1 on page 20 summarizes the 
major subdivisions of the overall management process which have recent­
ly been cited as "universal functions" by various writers who support 
the premise that all managers perform essentially the same tasks, re­
gardless of the specific manner prescribed by unique circumstances.
Five basic domains appear to emerge as functional categories 
which may appropriately be utilized in comparing alternative classifi­
cations differing slightly in terminology, but much the same in spirit.
The five "universal functions" cited most frequently are: (1)
planning, (2) organizing, (3) controlling, (4)* staffing, and (5) dir­
ecting. Harold Koontz and Cyril O'Donnell have offered the following 
descriptions for these major functions:
Planning involves selecting the objectives and the policies, 
programs, and procedures for achieving them ................
Organizing involves the establishment of an intentional 
structure of roles through determination and enumeration 
of the activities required to achieve the goals ...........
Staffing involves manning, and keeping manned, the posi­
tions provided for by the organization structure.
Directing involves guiding and supervising subordinates.
 1 1 * * *
Control seeks to compel events to conform to plans.
11Harold Koontz and Cyril O'Donnell, Principles of Management : 
An Analysis of Managerial Functions (4th ed.; New York: McGraw-Hill
Book Company, 1968), pp. 48-50.
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Borje 0. Saxberg expanded the concept of the staffing function
to consider the assembling of all types of resources, including, but
12not limited to, people. William T. Greenwood added decision
making as a separate function, but otherwise cited the same five
categories.'*'^ Theo Haimann and William G. Scott changed one name
from directing to influencing, but described the same overall pro- 
14
cesses. R. Alec Mackenzie, along with W. Warren Haynes and Joseph 
L. Massie, also recognized these identical five categories, although 
each went on to discuss additional functions as noted in Figure 1 
on page 20. MacKenzie identified the basic five groups as ■'sequen­
tial functions," while adding three other major activities performed
concurrently by managers, termed "continuous functions:" (1) ana-
15lyzing problems (2) making decisions, and (3) communicating. Al­
ternatively, Haynes and Massie cited the five primary classifica­
tions and then directed particular attention to important subgroup­
ings falling within or related to several of the major functions.
For example, they felt that innovating and policy formulation de­
served special recognition (related to planning), along with super-
^Borje 0. Saxberg, "The Manager's Role," in R. Joseph Monsen,
Jr. and Borje 0. Saxberg, eds., The Business World: Introduction to
Business Readings (Boston: Houghton Mifflin Company, 1967), pp. 73-77.
13William T. Greenwood, ed., Management and Organizational 
Behavior Theories: An Interdisciplinary Approach (Cinninnati, Ohio:
South-Western Publishing Company, 1965), p. iii.
1 t
Theo Haimann and William G. Scott, Management in the 
Modern Organization (Boston: Houghton Mifflin Company, 1970), p. 49.
15R. Alec Mackenzie, "The Management Process in 3-D," Harvard 
Business Review, XLVTI (November-Deeember, 1969), 87.
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1 6vising and motivating (within the province of directing). °
A number of other writers have noted similar thoughts regard­
ing the existence and nature of universal functions performed by 
managers at all levels in all types of organizations. For the 
most part, however, their differences are not great enough to 
warrant citation here. The only major point of departure is re­
flected in the fact that many have included, either explicitly or 
implicitly, the staffing function within the organizing category.
George R. Terry, a contemporary American management tradi­
tionalist, noted four fundamental divisions of the process: (1)
planning, (2) organizing, (3) actuating, and (4) controlling.^
His detailed description of organizing definitely included the 
staffing function: " . . .  Select and place individual on proper 
job. . . . Provide personnel facilities and other resources. . . ,"18
More recently, a number of other management scholars have 
taken the same basic four-part framework (usually including the 
staffing function within organizing, as did Terry), while each has 
added his own variations in the form of additional functions de­
serving recognition.
John F, Mee, for example, in thinking similar to that of 
Haynes and Massie noted previously, also described innovating,
I £L
W. Warren Haynes and Joseph L. Massie, Management:
Analysis, Concepts and Cases (2nd ed.; Englewood Cliffs, New 
Jersey: Prentice-Hall, Inc., 1969), pp. 716-717.
^George R. Terry, Principles of Management (5th ed.;
Homewood, Illinois: Richard D. Irwin, Inc., 1968), p. 4.
l®Ibid», p. 135.
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decision making, policy formulation, and motivating as major phases
of the total management process.^ William Newman, Charles Summer,
20
and E. Kirby Warren substituted the term leading for directing, 
while H. R. Light went back to include Fayol's coordinating function
91
as sharing equal status. * • Herbert G. Hicks described creating,
22
motivating and communicating as additional major functions, with
Manenck S. Wadia similarly noting innovating and motivating in his
23analysis of the process of managing.
While Figure 1 on page20 serves to outline pertinent comparisons 
and contrasts among these different management traditionalists,
Figure 2 on page 24 continues the analysis by summarizing various 
subfunctions and specific tasks representative of each of the five 
major categories, as described in greater detail by some of the 
writers just noted.
It seems likely that technological change--particularly com­
puterization— has already improved and promises further refine­
ment in the manner and efficiency with which some of these specific
19John F, Mee, Management Thought in £  Dynamic Economy (New 
York: New York University Press, 1966), pp. 54-68.
20William H. Newman, Charles E. Summer, and E. Kirby Warren,
The Process of Management: Concepts, Behavior, and Practice (2nd ed.;
Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1967), pp. 10-12.
21
H. R. Light, The Nature of Management (3rd ed.; London:
Sir Isaac Pitman & Sons, Ltd., 1968), p. 10.
22
Herbert G. Hicks, The Management of Organizations (New York: 
McGraw-Hill Book Company, 1967), p. 155.
23
Maneck S. Wadia, The Nature and Scope of Management (Glenview, 
Illinois: Scott, Foresman & Company, 1966), p. 6 6 .
Figure 2
Specific Activities Representative
of Five Primary Management Functions
PLANNING
Scan Environment
Forecast
Adjust 6c Refine
Determine
Opportunities
Define Constraints
Calculate Risks
Set Objectives
Develop Strategy
Create 6c Invent
Innovate
Establish Policies, 
Procedures, 
Standards
Modify Plans with 
Feedback
ORGANIZING
Determine Tasks 
Required
Group Activities
Assemble Units
Establish
Structure
Delegate Authority
Assure Answer­
ability and 
Responsibility
Delineate Advi­
sory Staff
CONTROLLING
Review Standards 
from Plans
Establish System 
of Reporting
Monitor Events
Measure Actual 
Results
Compare Actual 
vs. Standards
Determine Signif­
icant Differences
Ascertain Causes
STAFFING
Determine Needs 
for Resources 
(Emphasis on 
People here)
Recruit
Candidates
Screen 6c Test
Select Best
Orient to Work
Train, Develop 
5c Educate
• Appraise 
Progress
Determine Moves 
5c Promotions
Inventory Talents 
Sc Inclinations
Balance Efforts
Establish Chan­
nels of Com­
munication
Adjust Span of 
Management
Consult Responsi­
bility Centers
Determine Alter­
native Solutions
Implement Best
Coordinate Activities Correction
DIRECTING
Communicate 
(Two Way 
Process)
Determine:
Needs
Incentives
Expectancies
Supervise
Lead 6c Guide
Direct Action
Command
Motivate:
Reward
Punish
Promote Under­
standing
Implement Change
Build Teamwork
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tasks may be performed by executives. The development of the com-. 
puter as a useful managerial innovation, including applications 
directed toward all five major functions, is now discussed. Sub­
sequently, a number of the observed and predicted effects of this 
technological symbol are considered.
Advent and Utilization of the Computer
The computer has been widely heralded as the most dramatic 
technological breakthrough in recent history. Shirley Thomas has 
noted that its awesome influence on civilization greatly oversha­
dows such developments as the harnessing of atomic energy and use of 
rocket power to date, largely because of its universality of applica- 
tion. In fact the utilities of atomic energy and rocket power 
would probably be totally unknown as they exist today if the com­
puter had not aided in their development.
Gilbert Burck has pointed out a primary reason to support the 
notion that the computer has a more beneficial potential for society 
than, say, the printing press, the wheel, the steam engine, etc.
He has observed that "the latest great technical innovation often 
exerts the greatest impact because it feeds on previous achieve­
ments. . . . Certainly no other item of capital goods has changed 
the basic terms of so many human activities in so short a titne.11^ 8
^Shirley Thomas, Computers: Their History, Present Applications, 
and Future (New York: Holt, Rinehart and Winston, Inc.,1965), p. 7.
^Gilbert Burck, The Computer Age and Its Potential for Man­
agement (New York: Harper and Row, Publishers, 1965), pp. 1-2.
26
With well over 65,000 computers installed, valued at over 
$20 billion, now working for business, government, and other
A O
organizations in the United States alone, one must readily
admit that the computer industry has experienced a phenotninal
growth since the first commerical application in 1951. It has
been estimated that by 1973 the annual shipping of finished units
will amount to some $9.5 billion, which will be equivalent to
about 12 per cent of total new plant and equipment investment in 
50the country.
The range of application of computers has also grown fantas­
tically, with over 1600 areas of utilization having been compiled
recently in a nonexhaustive list by the staff of the periodical,
51
Computers and Automation. The first such list, similary gathered
together by the same staff ten years ago only included slightly
52over 300 applications, which at that time was considered equally 
remarkable, considering the very short existence of the commercially 
available electronic computer.
How did such an important innovation develop? What are some 
of the specific applications most relevant to this study? This
A  Q
Gordon B. Davis, Computer Data Processing (Hew York: McGraw-
Hill Book Company, 1969), p. 59.
50
John Diebold, "Bad Decisions on Computer Use," Harvard 
Business Review, XLVII (January-February, 1969), 14.
51"Over 1600 Applications of Electronic Computing and Data 
Processing Equipment," Computers and Automation, XVIII (June 
30, 1969), 159-166.
52
"Over 300 Areas of Application of Computers," Computers 
and Automation, IX (January, 1960)13-15.
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portion of the chapter addresses itself to these two major questions, 
and is subsequently followed by an analysis of the resulting impact 
on the nature and performance of management functions.
HISTORICAL DEVELOPMENT OF COMPUTING DEVICES
Although the electronic digital computer as it is known today 
represents an extremely young development, its direct ancestors 
date back for many centuries. In the era of approximately 3000- 
2000 B.C., the abacus served as an instrument to facilitate count­
ing for the ancient orientals. Probably in the early stages this 
device consisted only of dust on a board, in which lines were 
drawn in order to tally summations. Progressing through the more 
refined stages of using clay and wax tablets for the same purpose,
the instrument as known and used at the present time frequently
53consists of counters fastened to a wire frame.
Although the time span between the early invention of the 
abacus and today's innovations in third-generation electronic di­
gital computers covers sane forty or fifty centuries, the signifi­
cant highlights in the intervening developments can be summarized by 
only a dozen or so mathematical geniuses and their inventions,
Shirley Thomas has cited ten people as making the contributions 
from which modern computer systems have drawn most heavily:
(1) Blaise Pascal, (2) Gottfried Wilhelm Leibnitz, (3) Joseph Marie 
Jacquard, (4) Charles Babbage, (5) Lady Lovelace, (6) Dr. Herman
Harold Borko, ed., Computer Applications in the Behavioral 
Sciences (Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1962),
pp. 32-33.
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Hollerith, (7) Dr. Howard Aiken, (8) Dr. John Mauchley, (9) Dr.
J. Presper Eckert, and (10) Dr, John von Neumann.
Harold Borko's list of thirteen prominent digital computing
devices in the line of developments from the abacus to the modern
computer naturally corresponds quite closely with Shirley Thomas'
list of people: (1) the abacus, (2) Napier's bones, (3) Pascal's
calculator, (4) Leibnitz' calculator, (5) Babbage's Difference
Engine, (6) the Jacquard loom, (7) Babbage's Analytical Engine,
(8) the Hollerith machine, (9) the Mark X computer, (10) ENXAC,
(11) EDSAC, (12) EDVAC, and (13) Whirlwind I .55
A very brief review and synthesis of these two'collections
of people and inventions presents virtually all of the important
milestones cited by most of the writers in the field who have
produced scores of books on the subject of computer history and
56
development.
John Napier, an early seventeenth century Scottish mathema­
tician, is probably best remembered for his invention of logarithms.
But he also developed in 1617 A.D., a set of numbering rods, popu­
larly called "Napier's bones," which accomplished rapid multiplica­
tion through the proper alignment of appropriate rods. Although 
still a very crude device, it was much more sophisticated than the
t
54Shirley Thomas, oj>. cit., p. 53.
55narold Borko, _o£. cit., p, 33.
■^The remainder of this section is developed largely from the 
Thomas and Borko sources. Additional authors are cited when 
directly quoted, and a number of others are also included in the 
bibliography.
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abacus and was the forerunner of today's sliderule.
Blaise Pascal, noted French mathematician, invented the first 
true calculating machine in 1642. His device consisted of a box 
with ten numbered wheels, a series of gears, a stylus for the 
advance mechanism, and a crank to activate the addition of long 
columns of numbers.
The young German mathematician, Gottfried Wilhelm Leibnitz, 
greatly expanded upon Pascal's adding machine to invent a device in 
1694 which could add and subtract, multiply and divide, along with 
extracting square roots. Essentially, Leibnitz' machine employed a 
"stepped wheel" design which permitted a series of simple addition 
functions to be compounded in order to produce the desired result.
Its basic design and concepts remain viable, though, in a number of 
today's mechanical calculators.
Departing briefly from the series of computing instruments,
Borko noted that Joseph Marie Jacquard made a substantial contribu­
tion to the subsequent development of computer technology when, in 
.1801, he ". . . demonstrated the use of a punched-card system for 
controlling the alternation of colors of the yarn and thus of the 
fabric produced by weaving machines. In modern terminology, we would 
say that Jacquard used a punched-card program to produce a variety 
of patterned fabrics."-^ The result was that in 1804 he developed 
the first completely automatic loom.
Charles Babbage developed two significant calculating machines, 
both of which have been widely acclaimed as the first true computers.
57'Harold Borko, o£. cit., pp. 36-37.
30
In his first effort, Babbage invented a "Difference Engine" in 1812 
which was designed to calculate and print various mathematical tables. 
This was a major conceptual departure from earlier devices which left 
the operator to transcribe the results of calculations. Unfortunately 
the engineering and manufacturing technology of the time was inadequate 
to complete the whole machine, but part of it was actually constructed 
and performed quite well.
One reason for the abandonment of the actual production of the 
"Difference Engine" was undoubtedly Babbage's vision for a greatly 
improved "Analytical Engine" in 1833. The new machine incorporated 
Jacquard's idea of a punched-card program and was to be much more 
automatic. The "Analytical Engine" was designed as ", . . a general- 
purpose mechanism by which the arithmetical operations of a wide 
range of algebraic formulas could be performed in automatic 
s e q u e n c e . D e s p i t e  thousands of detailed drawings and Babbage's 
personal innovations in engineering and production processes, this 
machine was also more than a century ahead of its time and was never 
built.
Lady Lovelace, the daughter of poet Lord Byron, was also mathe­
matically brilliant and a lifelong friend and supporter of Babbage.
In 1842 she wrote,
The Analytical Engine weaves algebraic patterns just as
the Jacquard loom weaves flowers and leaves, . . . .
C  O
°Richard N. Schmidt and William E. Meyers, Introduction to 
Computer Science and Data Processing (2nd ed.; New York; Holt,
Rinehart and Winston, Inc., 1970), p. 18.
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The bounds of arithmetic were however outstepped the
moment the idea of applying the cards had occurred; and
the Analytical Engine does not occupy common ground
with mere "calculating machines." It holds a position
wholly its own; and the considerations it suggests are
most interesting in their nature. In enabling mechanism
to combine together general symbols in successions of
unlimited variety and extent, a uniting link is established
between the operations of matter and the abstract mental
processes of the most abstract branch of mathematical 
59science.
The first punched-card calculating device actually constructed 
and put into practical use was invented by Dr. Herman Hollerith, a 
statistician employed by the United States government, who faced the 
task of trying to compile the 1890 census (which could not possibly 
have been completed before the 1900 census was to begin, using 
previous methods). After being highly successful with his machine, 
constructed in 1889, he subsequently started the company which was 
later to become the International Business Machines Corporation.
The world’s first fully automatic computer did not appear until 
over half a century later, when Dr. Howard Aiken of Harvard University 
designed an electro-mechanical device which I.B.M. completed building 
in 1944. Variously called the "Mark I" or the "Automatic Sequence 
Controlled Calculator," it finally brought fulfillment of Babbage's 
century-old ideas. By today's standards it was extremely large and 
slow, receiving instructions from punched paper tape and using 
counter wheels controlled by electrical relays and mechanical 
switches to process data.
59Lady Lovelace, quoted in D. F. Parkhiil, The Challenge of 
the Computer Utility (Reading, Massachusetts: Addison-Wesley
Publishing Company, 1966) p. 11,
Just as the "Mark I" was a remarkable development relative to 
previous machines, the "ENIAC" designed and built by Dr. John 
Mauchley and Dr. J. Presper Eckert of the Moore School of Electrical 
Engineering at the University of Pennsylvania in 1946 brought new 
revolutionary concepts to the fore. This "Electronic Numerical 
Integrator and Computer" was the first truly electronic device, 
utilizing some 18,000 vacuum tubes to replace the mechanical wheels, 
gears, and switches of the "Mark I." Although still a massive and 
cumbersome machine in comparison to the familiar third-generation 
computers, it was able to speed up calculations from about 3 per second 
(addition process for the "Mark I") to about 5,000 per second. It, too, 
had a long setup time, even though the paper tape was replaced by cir­
cuit boards, and was designed particularly to compute ballistic trajec­
tories for the Army.
Associated with the "ENIAC" project was Dr. John von Newmann, 
whose contributions brought three major innovations to the young 
electronic computer field in 1945, and culminated in the "Electronic 
Discrete Variable Automatic Calculator" or "EDVAC," completed in 1952. 
Dr. von Newmann developed (1) an internally stored program,
(2) ultrasonic delay lines to increase storage capacity, and (3) use 
of the binary number system in processing rather than the old decimal 
system previously used.
Actually, the British computer "EDSAC" or "Electronic Delay 
Storage Automatic Calculator" was put into operation at Cambridge 
University under the direction of Dr. M. V. Wilkes in 1949 before 
Dr. von Newmann could complete his machine, but it involved basically 
the same innovations. Both of these computers greatly enhanced
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operating speed through the much more rapid processing of instructions 
automatically in consecutive order, in addition to incorporating 
other innovations in logic and design.
The final step in what is now considered historical development 
was the completion of the "Whirlwind I" computer, designed and huilt 
at M.I.T. in 1950, with several modifications subsequently added 
during the next several years. Two extremely important innovations 
of the "Whirlwind" series of machines were (1) magnetic core storage, 
which greatly increased speed of access to any number to require only 
one microsecond; and (2) a system of marginal checking to increase 
reliability.
Most of the computers which have emerged since "Whirlwind" have 
drawn heavily on the same basic logical concepts, although technical 
innovations have of course been prolific. It is generally recognized 
that computers have now passed through three technical generations 
since the "Whirlwind" era; (1) first generation, 1953-1959; employing 
vacuum tubes, "off-the-shelf" programs, random access speeds in 
thousandths of a second; (2) second generation, 1959-1964; with 
solid state (transistors and diodes) electronic components, more 
permanently stored programs, much greater reliability, speeds 
gauged in millionths of a second; and, (3) third generation, 1964- 
present; using integrated circuits, miniaturization of parts, 
multiprocessing (several jobs simultaneously), and speeds in 
billionths of a second,^
^Donald H. Sanders, Computers and Management, (New York: 
McGraw-Hill Book Company, 1970), 60-61. Also, Gordon Davis, 
op. cit., p. 64.
Some of the general trends accompanying recent progress in
computer technology have been: (1) increasing speed, (2) increasing
storage and processing capacity, (3) increasing flexibility and
versatility, (4) increasing reliability, (5) decreasing size, and
(6) decreasing cost.61-
In describing the speed of third-generation machines, George
Glaser has used this analogy:
Computer memory specifications are no longer stated 
in microseconds but in nanoseconds. A nanosecond-- 
one hillionth of a second--is a difficult figure to com­
prehend, but try this: There are as many nanoseconds
in one second as there are seconds in thirty years, or 
as many nanoseconds in 2.5 seconds as there are seconds 
in a person's lifetime.62
When one considers the fact that Aiken's "Mark I" required one-
third of a second to add two numbers, four seconds to multiply, and
ten seconds to divide, it is immediately seen that a modern computer
like the "I.B.M. 360" can do in a matter of a few seconds the same
calculations which would have required several centuries using the
"Mark I." Even the remarkable electronic "ENIAC," which could add
numbers at the rate of 5,000 per second, was not even close to the
order of magnitude of the capabilities of present-day machines.
Storage capacities have grown almost as fantastically, as
Richard Canning has pointed out:
Maximum online storage capacity in 1956 was about 
10 million alphanumeric characters. By 1961, this 
capacity had doubled, and the next year saw capacity
6lDonald Sanders, loc. cit. Also, Gordon Davis, loc. cit.
^George Glaser, "Plain Talk About Computers," Business 
Horizons, X (Fall, 1967), 34.
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increase to 100 million characters. But with the 
arrival of third-generation hardware also came the 
ability to store online 100 billion characters--a 
growth factor of 10,000 in one decade!^
Donald Sanders has emphasized the decreasing size of computers
with these words:
Compact tube equipment contained an average of 6,000 
components per cubic foot. By using cooler operating 
and more reliable transistors, however, it was possible 
to pack an average of 100,000 circuits into the same 
space. And the third-generation computers now in 
operation make use of microelectronic or integrated 
circuits, making it possible to jam 10 million circuits 
into that same cubic foot of space. Furthermore, the 
extension of microelectronic concepts holds forth the 
promise of future large-scale integration (LSI) of 
circuits which will make it feasible to again increase 
the number of circuits many times.64
And finally, equally tremendous reductions in the cost of per­
forming calculations by today’s computers suggest that they are 
certain to be utilized more and more extensively by various business 
organizations in the future.
Professor Jay Forrester, of M.I.T., has estimated 
that the cost of performing a million calculations 
twenty-five years ago on precomputer machines was 
$30,000; he notes that computers can so the same 
number of calculations for 30 cents
Sanders has further emphasized the continuous cost reductions
being experienced.
Nor does it appear that the end is in sight in compu­
tational cost reduction. Basic hardware-component 
costs will continue to decline. For example, in 1965 
it cost about 20 cents to provide internal storage
^^Richard Canning, quoted in Donald Sanders, op. cit., p. 62, 
^Donald Sanders, oj>. cit., pp. 60-61.
65l q c . cit.
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capacity for one binary number (down from 85 cents 
in I960 and $2.61 in 1950). The comparable cost in 
1970 is estimated to be 5 to 10 cents, while the 
1975 figure is setat \ cent!*^
With such an attractive tool offered to scientists, businessmen, 
government administrators, etc., it is no wonder that more and more 
areas of application are being considered and implemented, A few of 
the general trends are now reviewed in order to set the stage for a 
determination of the computer's impact on management functions.
APPLICATIONS OF COMPUTERS AND INFORMATION TECHNOLOGY
An examination and reshuffling of the more than 1600 uses to 
which today's more than 65,000 computers are applied brings forth 
five major categories to summarize their efforts: (1) mathematical
and statistical computation, (2) scientific and engineering computa­
tion, (3) military applications, (4) process control, and (5) busi­
ness data processing. ^  Since this research project is primarily 
concerned with the last category, and somewhat with the second and 
next-to-last groups of applications, examples from the others are 
mentioned only briefly.
It may be recalled that the first true high-speed calculating 
device ever actually constructed was invented by Hollerith to 
facilitate his statistical work for the 1890 census. The British 
government had earlier given much financial support to Babbage's 
work in order to push forward the bounds of science; and the United
^Figures released by the American Federation of Information 
Processing Societies and appearing in Administrative Management,
(June, 1966), 53, quoted in Donald Sanders, loc. cit.
^Harold Borko, ££. cit. p. 52.
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States government was instrumental in underwriting and anticipated 
scientific and military benefits from most of the early computer 
projects in this country.
Thus, the original impetus for developing computers, and hence 
the general area of usage, was scientific and statistical with some 
emphasis on military potentials, rather than commercial in nature. 
Both the "Mark I" and "ENIAC" were sought as machines which could 
aid in the solution of problems associated with.military equipment. 
Other early scientific-military technology computers included 
"AVI.DAC" at Argpnne National Laboratory, "ORACLE" at Oak Ridge, 
"ORDVAC" at Aberdeen Proving Grounds, "MANIAC" which was used in the 
development of the H-bomb, and "SEAC" and "SWAC" which the Air Force 
sponsored financially.
The first commercially available computer was "UNIVAC I," built 
by Mauchley and Eckert, who left the University of Pennsylvania to 
form their own company, which subsequently has become a division of 
the Sperry Rand Corporation. Although the first three "UNIVAC" 
machines were bought by the government in 1951 and 1952, General 
Electric Company purchased the first computer ever utilized for 
business data processing in 1953. Thus, the commercial computer 
market was born.
More than half of the "Over 1600 . . . "  computer applications 
noted in the recent Computers and Automation list previously noted^ 
are associated directly with business and manufacturing activities
^Shirley Thomas, o£. cit., pp. 64-65.
^ Computers and Automation, XVIII (June 30, 1969), loc. cit.
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(including government data processing uses), and naturally a large 
number of the science and engineering applications are at least 
indirectly— some quite closely, depending on the nature of business-- 
related to management decision making in various types of organizations. 
It should prove meaningful to summarize a few typical examples rele­
vant to the three general types of organizations serving as case 
study subjects, and then to consider specific computer tasks which 
represent either the aiding of managers in, or the taking over 
directly of, the performance of specific tasks comprising the five 
basic managerial functions described earlier.
Utilization in Case Study Areas
The first case study conducted for this project was that of a
major oil refinery. In addition to the general business management
uses, of which most would certainly be appropriate examples for such
an organization, the Computers and Automation list includes over 
fifty specific applications for the oil industry, an additional 
seventy-five plant and production areas largely indigenous to this 
type of manufacturing and processing, and finally another hundred 
or so engineering problem areas in various fields which might require 
managerial attention in an oil refinery. Figure 3 on page 39 
summarizes a few of these applications.
A majority of the prominent "operations research" tools, which 
constitute one major type of computer utilization can be applied to 
manufacturing and processing activities. Such techniques as linear 
programing, dynamic programing, queuing theory, Monte Carlo random
Figure 3
Areas Applicable to Computerization
Case Study A: Petroleum Refinery
Plant and Production
Critical path scheduling
Labor utilization: analysis
Production:
Forecasts
Information analysis
Maintenance:
Analysis
Records
Scheduling
Job standards: determination
Dispatching control
Factory operation simulation
Industrial accidents: analysis
Machine Utilization:
Analysis 
Job allocation
Warehouse automation
Engineering
Temperature stress analysis
Combustion calculations
Vibration analysis
Flange cross sections: properties
Load flow studies
Chemical analysis
Flash vapor calculations
Foundation settling: effects
Oriface factors: computations
Gas chromatography
Molecular structure calculations
Ion exchange column:
Performance appraisal
Chemical kinetics: problems
Oil Industry
Crude Oil:
Analysis of properties
Evaluation
Processing
Yield accounting
Line blending control
Material balances
Heat exchange calculations
Process flow control
Distillation tower design
Gasoline blending
Instrument scanning
Refinery simulation
Pipe stress analysis
Depletion accounting
Adapted from Computers and Automation List
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number generation, critical path method, stochastic models, Harkov 
chain analysis, simulation, etc. ^  are the means by which many of the 
tasks noted in Figure 3 are accomplished.
There are also many potential uses of computers and information 
technology within the marketing line activity, which was represented 
by the second case study, performed in a full-line branch store of a 
large national retailing chain. Again, most of the general business 
management applications would be relevant, and in addition, the 
Computers and Automation list includes a large number of areas of 
computerization related to inventorying, transportation, advertising, 
and the like. Figure 4 on page 41 summarizes a number of the 
applications most relevant to retail department store operations.
It should be noted that modern marketing men are more and more
beginning to examine their functions critically in order to improve
the overall accomplishment of their mission. Articles on the "systems
approach" to marketing are becoming more prevalent, as the sub-
71functions are interrelated more precisely. Mathematical models, 
too, are becoming more accepted as Robert Weinberg has noted:
^Frederick S. Hiller and Gerald J. Lieberman, Introduction to 
Operations Research (San Francisco: Holden-Day, Inc., 1967).
7^Lee Adler, "Systems Approach to Marketing," Harvard Business 
Review, XLV (May-June, 1967), 105-118. Also, William Lazer and 
Eugene Kelley, "The Systems Approach to Marketing," in William 
Lazer and Eugene Kelley, eds., Managerial Marketing: Perspectives
and Viewpoints (rev. ed.; Homewood, Illinois: Richard D. Irwin,
Inc., 1962), pp. 191-204.
Figure 4
Areas Applicable to Computerization
Case Study B: Department Store
Advertising and Sales
Effectiveness analysis
Expenditures:
Analysis 
Comparison 
Proj ection
Direct Mail:
Personalizing
Addressing
Consumer audiences: analysis
Sales:
Analysis
Area distribution
Forecasting
Quota calculations
Market research:
Competitive bidding 
Future markets: analysis
Price change effects
Mail-order operations: 
processing
Inventory and Transportation
Record Maintenance 
System simulation
Stock level:
Analysis
Control
Forecasting
Route optimization 
Space analysis 
Automated cargo handling 
Position plotting 
Arrival forecasting 
Traffic control 
Fare computation 
Style forecasting 
Make vs. buy decisions
Credit and Office
Credit authorization, 
on line
Voucher distribution
Billing and invoicing
Consumer credit 
verification
File maintenance
Rent analysis
Information retrieval
Optical character 
recognition
Refund processing
Payment verification
Collection notifications
Analysis of discounts
Adapted from Computers and Automation List
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"One of the more important current trends in marketing education is
the application of mathematical concepts and techniques to the
72solution of marketing problems."
Robert Euzzell has gone even farther, asserting that " . . .  math­
ematical models may well contribute more to understanding of market­
ing than in any other area, simply because they provide a badly needed 
framework for defining and measuring relevant factors and, ultimately, 
arriving at useful generalizations about them."^ Thus, it may well 
be anticipated that computers are to play an increasingly important 
role in marketing.
The third case study for this research was conducted in a 
moderate-sized home office bank, to represent the organic function 
of finance. As noted previously, the Computers and Automation list 
includes many general business applications which are equally 
appropriate for banking management, and in addition cites some forty 
specific banking tasks and another thirty finance activities pro­
grammable for electronic data processing equipment. Some of these 
areas of computer application are indicated in Figure 5 on page 43.'
Modern bankers have recently begun to perceive their institutions 
as expanding to much broader horizons in order to provide a myriad 
of financial and information processing services in addition to 
-acquiring and placing funds. Arthur Kranzley has emphasized the new
^Robert S. Weinberg, "The Uses and Limitations of Mathematical 
Models for Marketing Planning, in Frank M. Bass et al., eds,, 
Mathematical Models and Methods in Marketing (Homewood, Illinois: 
Richard D. Irwin, Inc., 1961), p, v.
^Robert D. Buzzell, Mathematical Models and Marketing Manage­
ment (Boston: Division of Research, Graduate School of Business
Administration, Harvard University, 1964), p. 76.
Finance
Ammortization
Investments:
Analysis
Evaluation
Research
Statements
Annual
Monjthly customer
Dividend calculation
Clearing house reports
Security rating
Cash flow analysis
Portfolio evaluation
Losses:
Distribution
Reserves
Bond evaluation
Figure 5
Areas Applicable to Computerization
Case Study C: Commercial Bank
Office
File maintenance
Mailing list operations:
Addressing 
Bundling by groups 
Personalized letters 
Updating and maintaining 
Zip code sequencing
Billing and invoicing
Taxes, calculation
Capital investment analysis
Manhour records and analysis
Payroll:
Changes for general increases 
Computation and payment 
Overtime reports
Performance evaluation
Record retention and
destruction studies
Banking Industry
Deposit processing
Withdrawal processing
Stockholder records
Float analysis
Check verification
Account reconciliation
Money orders
Accrual settlement
Bond ownership and
redemption records
Transit check handling
Factoring accounts
Accounting:
Demand deposits
Misc. other transactions
Adapted from Computers and Automation List
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strategy of banks to serve their customers' information processing 
needs, noting that "commercial banks will compete with service 
bureaus, information utilities, credit centers, and all other forms 
of enterprise which are based upon providing processing capacity and 
information services for a fee."^
Robert Head has noted some of the risks associated with develop­
ing and marketing specialized "packages" of systems design for infor­
mation processing, but he also has expressed confidence that banks 
will successfully meet such challenges despite some current pitfalls. 
One of the biggest dilemmas so far has been the managerial decision 
of whether to try in each case to develop a generalized system which 
might later be needed by other customers, or instead, to produce 
highly individualized models. The preferred approach seems to have 
been the former, but "many banks have discovered the hard way that 
the very first prospect for a new system may turn out to have 
requirements that the system wasn't designed to handle,"75 while 
on the other hand, it might require some considerable searching to 
find the hypothetical customer who would appreciate the many fine 
points of the meticulously integrated package. Nevertheless, many 
banks are now finding that their data processing efforts are not 
limited to in-house applications, but perhaps that even the larger 
portion of computer time is devoted to various other applications.
Thus, it is seen that each general type of business organization, 
reflecting its own objectives, operations, impacts from environment,
^Arthur S. Kranzley, "The Bank of the Future," Datamation,
XI (July, 1965), 43.
^Robert V. Head, "Banking Automation: A Critical Appraisal,"
Datamation, XI (July, 1965), 24.
etc., may apply computers in a manner peculiar to its unique circum­
stances while, at the same time, many of the managerial aspects of 
computer use overlap. It is recognized that each separate case 
within the same general field would probably exhibit somewhat differ­
ent characteristics, indicating that the Computers and Automation 
list excerpts should only be taken as starting points. The same is 
true, of course, regarding the three selected case study subjects 
and their relevance for other manufacturing, marketing, and financial 
institutions. The observations made and conclusions drawn therefrom 
are, in the final analysis, only applicable to the three specific 
situations, but they do offer a valuable starting point for the 
consideration of broader implications.
Discharge of Management Functions
Returning again to Figure 2 on page 24 > °ne may review some 
of the specific activities representative of the five primary 
management functions. A number of these activities, such as setting 
objectives, recruiting candidates, leading and motivating subordinates, 
etc. are obviously human functions, usually too ill-structured at 
this point in time to be computerized significantly. But another 
group of specific activities, such as scanning and forecasting, cal­
culating risks, determining tasks, measuring results, balancing 
efforts, etc. would appear to be routine enough to be programmable 
to a large extent.
Of course each particular manager finds himself engaged in 
various functions for some specific overall time distribution, 
probably differing in many respects from any other manager. Robert
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Anthony has, however, developed a generally applicable three-part
framework for analyzing the planning and control functions at three
conceptual levels: (1) strategic planning, (2) management control,
and (3) operational control.
Strategic planning is the process of deciding on objectives 
of the organization, on changes in these objectives, on 
the resources used to attain these objectives, and on the 
policies that are to govern the acquisition, use, and dis­
position of these resources.
Management control is the process by which managers 
assure that resources are obtained and used effectively 
and efficiently in the accomplishment of the organiza­
tion's objectives.
Operational control is the process of assuring that spe­
cific tasks are carried out effectively and efficiently.^
The proportions of these three categories of management functions
correspond somewhat to typical levels in organizational hierarchies
of authority: top level, middle, and lower level. The progression
of activities from operational control upward toward strategic
planning is accompanied by increasing difficulty in computerization.
These three areas are progressively less programable; that is,
Increasingly more ill-structured and more difficult to reduce to
77algorithms (routine procedures or series of steps). Thus, one 
might expect to find computers used by middle managers in assuring 
efficient use of resources more than, say, by top managers in
^Robert H. Anthony, Planning and Control Systems: A Frame­
work for Analysis (Boston; Division of Research, Harvard Business 
School, 1965), pp. 15-18.
^Herbert A. Simon, The Shape of Automation for Men and 
Management (New York: Harper and Row, Publishers, 1965), pp. 58-59.
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determining overall strategy, because the latter task is so much 
harder to express in terms of a quantifiable model.
Several years ago Irwin Jarett raised the question of whether 
the management functions of planning, organizing, controlling, staff­
ing, and directing could be computerized. While his answer was some­
what qualified, he did note a number of examples of such cases, 
saying, "While no specific answer would be accurate in all situations, 
let's note a few in which electronic data processing and its related
applications can be used to aid in the performance of these five 
78functions." Some of the examples he cited arc these:
Planning--in areas of forecasting, budgeting, and capi­
tal planning, mathematical techniques used to maximize 
profit of situation, formulating plan of action consider­
ing all business factors through moving averages, expo­
nential smoothing, trend lines, multiple linear regres­
sion, etc.
Organizing--no specific applications noted in the drafting 
of charts or establishing lines of authority; however, 
assertion made that since levels of authority can be 
ranked, organizing can be performed by the computer.
Controlling--computer feedback of information from op­
erating results so management can evaluate performance 
against pre-established standards to achieve "manage­
ment by exception," and updating of plans.
Staffing--computer used in giving personnel examinations, 
rating potential employees, and placing them in optimal 
positions; also useful in executive training.
Directing--computer used in activating production runs, 
assigning machine usage, controlling inventories, and 
scheduling deliveries; computer excels in fast action 
causing decisions.
78Irwin M, Jarett, "Electronics and the Management Art," 
Advanced Management-Office Executive, I (June, 1962), 7.
7 9Ibid., pp. 7-8.
Thus, there does seem to be evidence to support the notion that 
computers are either taking over or supplementing human action in 
the performance of some management functions. The final section of 
this literature review offers further insights regarding the 
utilization and subsequent impact of the computer on various levels 
of managers, their functions, and their interrelationships, from 
both the predictive and the empirical viewpoints.
CHAPTER III
REVIEW OF LITERATURE: PART II
EFFECTS OF COMPUTERIZATION ON MANAGEMENT FUNCTIONS
Since 1953 when General Electric installed the first elec­
tronic computer ever available for business use, the young elec­
tronic data processing industry has grown at a foi'midable rate. 
Although in the first few years progress was much slower than it 
has been in the past decade, several farsighted practicing man­
agers and scholars attempted to project the future impact of com­
puterization on management as early as 1958. Since the emergence 
of the first classic article by Harold Leavitt and Thomas Whisler 
predicting the nature of "Management in the 1980's,"'*' there has 
been a continuous progression of observations, empirical findings, 
revised predictions, rebuttals, etc. There seem to be almost 
as many sets of projections and interpretations of actual events 
as there have been writers willing to put their visions into 
writing. This final portion of the review of literature relevant 
to the current research project sets forth a summary of some of 
the most prominent predictions and subsequent research findings. 
The results of the three case analyses undertaken in this study
^"Harold J. Leavitt and Thomas L. Whisler, "Management in 
the 1980's, "Harvard Business Review, XXXVI (November-December, 
1958), 41-48.
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arc then incorporated into the overall picture which has evolved.
Predictions of Major Computer Effects
The 1958 article by Leavitt and Whisler started the decade 
and a half of debate over the impact of computerization which has 
unfolded thus far. Although there is again virtually a plethora 
of available literature to be researched, the general nature of 
the prevalent viewpoints can readily be ascertained by a brief 
review of the observations of a few selected recognized author­
ities in the field. In roughly chronological order, those whose 
prognostications are presented here include: (1) Harold Leavitt,
(2) Thomas Whisler, (3) Melvin Anshen, (4) John Burlingame, (5) 
Peter Melitz, (6 ) Donald Michaels, (7) Jay Forrester, (8 ) Neil 
Jacoby, (9) Auren Uris, (10) John Diebold, (11) Julius Rezler,
(12) James Emery, (13) Gilbert Burck, (14) Herbert Simon, (15) 
Oliver Tuthill, and (16) John Dearden. Their predictions are 
followed by the empirical studies of a complementary group of 
writers in the second section of the chapter. The final part of 
the literature review then summarizes and synthesizes these two 
major aspects of the problem, in an attempt to reassess the course 
of probable events.
The 1958 Leavitt and Whisler article made some rather bold 
projections of the computer's approaching revolutionary impact on 
business management, especially considering the fact that the 
first business application of data processing had occurred only 
five years previously at General Electric. Among the prognosti-
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cations offered were these primary ones:
1. Greatest impact on middle management
a. Radical reorganization--certain classes moving 
upward and others moving downward
b. Jobs remaining at middle management level to 
become highly structured
c. Substantially fewer middle managers to survive, 
with most of those remaining becoming routine 
technicians
2. Top management also to be greatly affected
a. Boundary between planning and performing
functions to move upward
b. Top management to recentralize authority
c. Top management to take over large proportion
of innovation, planning, and other creative jobs 
from former middle management
3. Other areas of substantial change
a. General shape of organization structure to shift-
perhaps resembling football on top of bell
b. Increasing interdependence of line and staff 
• c. Less emphasis on personal loyalty to firm;
greater mobility
d. Multiple entry points for organization managers
e. New methods of training and developing managers
f. New methods of appraising performance
g. New methods of compensating managers^
Thus, Leavitt and Whisler foresaw the computer's impact as 
reaching into all five areas of major management functions and 
affecting particularly the middle and upper level executives. The 
changes predicted were certainly not merely evolutionary in their 
effects, but indicated substantial alterations.
Melvin Anshen, writing two years later, challenged the 
Leavitt and Whisler prognostications on two primary grounds: (1)
the limited extent of programability of middle management functions, 
and (2) the complicating factors of men vs, machines--resistence to
Loc. cit.
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to change. These two limitations, he said, would serve to retard 
revolutionary changes from accompanying computerization.
Anshen described five principal classes of managerial de­
cisions:
1. Setting the agenda--deciding problems and setting 
priorities
2. Making goal choices--selecting specific targets
3. Resource allocation--deciding how best to utilize 
scarce resources to achieve goals
4. Implementation--how to put the foregoing into 
operation
5. Making evaluations--appraising results and deciding 
on future course4
The first and second items, it may be recalled, are much the 
same as Anthony's description of "strategic planning." Anshen 
has agreed that these tasks are the least likely to be programmed. 
He felt that of the five categories, the decisions in the third 
class were most likely to be quantifiable and structured well 
enough to permit some takeover by computers. The fourth and fifth 
groups, he said, fell about midway between the extremes with some 
likelihood of being partially computerized.
He then went on to discuss other constraints on the impacts 
of information technology projected by Leavitt and Whisler, and 
suggested that in some cases directly opposite results might well
^Melvin Anshen, "The Manager and the Black Box," Harvard 
Business Review, XXXVIII (November-December, 1960), 87.
4Ibid., pp. 86-87.
^See Chapter II, pp. 46-47.
^Anshen, o£. cit., pp. 88-89.
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be anticipated. The tasks of middle managers might become more like
those of top management rather than deteriorating; and instead, could
gain in importance and creativity. Further, some areas could become
increasingly decentralized rather than being assumed by central head- 
7
quarters. ?
Herbert Simon also provided some predictions in 1960 regarding 
the nature of corporations and management two or three decades hence. 
Asking the penetrating question, "Will the Corporation be Managed
Q
by Machines?" he developed two predictions. First, he asserted
that by 1985 we will have the technical capability to manage
corporations by machine. But, on the other hand, he nevertheless
felt that economic and sociological factors would dictate that
humans will probably be engaged in roughly the same array of occupa-
9
tions in 1985 as they were in 1960.
Many changes will occur within this broad categorical fore­
cast, however, with each individual highly automated man-machine 
system being managed differently. It was Simon who developed the 
fundamental concept of a continuum of decisions ranging from non­
programmed to highly programmed. The latter term represents those 
which have been reduced to a routine process as opposed to the 
unstructured nature of the former.*-® He foresaw the rapid
^Ibld., pp. 91-92.
^Herbert A Simon, The Shape of Automation for Men and Man­
agement (New York: Harper and Row, Publishers, 1965), pp. 26-52.
^Ibid., p. 49.
*-®Ibid., pp. 58-59.
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application of computers in already programmed areas and extension
of the realm of programmed decision making through such techniques
as heuristic problem solving, which employs an almost human-like
11
trial and error process to attack ill-structured problems.
Using an analogy to summarize his thoughts regarding the
future impact of automation on management decision making, Simon
suggested the emergence of a
. . . new picture of the data-processing factory for 
manufacturing, in a highly mechanized way, the 
organization’s programmed decisions--just as the 
physical processing factory manufactures its pro­
ducts in a manner that becomes increasingly mech­
anized. The automated factory of the future will 
operate on the basis of programmed decisions pro­
duced in the automated office beside it .^2
In the following year, 1961, John Burlingame concentrated
his attention on the issue of whether information technology's
impact would be more conducive to increasing centralization or
decentralization in business organizations. He further developed
two sets of forecasts related to opposite viewpoints depending on
the outcome of the first issue. ^
Burlingame's personal feelings were that computerization
should permit greater decentralization in the future, by helping
to push down "the lowest point in the organization where the
needed skills and competence, on the one hand, and the needed
^I b i d . , p. 75
12Ibid., pp. 75-76.
13
John F. Burlingame, "Information Technology and Decentral­
ization," Harvard Business Review, XXXIX (November-December,
1961), 121-126.
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information, on the other hand, can reasonably be brought togeth­
er. Burlingame further asserted that the feature of advancing
information technology which may be the most significant is its 
ability to provide pertinent facts and clearer perceptions of the 
interrelationships among organizational units to lower level 
employees and managers so they can act on their own initiatives 
in a manner which best serves the overall purpose of the organ­
ization.
In this sense, information technology could well fortify 
the role of middle management in a decentralized business. Both 
upper level managers and lower supervisors could become more 
effective in attacking problems in which judgment and human values 
are the important elements. Where centralized decision-making 
philosophies have been adopted not by choice, but because of 
complexity and inability otherwise to coordinate and unify effort, 
Burlingame asserted that the basis would be provided by informa­
tion technology for the adoption of a decentralized approach.
On the other hand, where centralization is the prevailing
philosophy, "if the managers are committed to their philosophy
and if the purpose for which the technology is employed is limited
to the mechanization and improved efficiency of the operation
as it exists, then the likely evolution will be along those lines
15
predicted by a number of writers." That is, the impact might
U Ibid., p. 1 2 1 .
15Ibid., p. 125.
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well include the downgrading and elimination of middle managers, 
etc., as described by Leavitt and Whisler.
Peter Melitz also provided in 1961 a set of projections re-
i A
garding the "Impact of Electronic Data Processing on Managers."
His arguments favoring a generally decentralized philosophy were 
essentially the same as Burlingame's ideas, and took issue with 
the then popular notion that EDP would lead to an irrevocable 
trend toward centralization. Melitz' position, as indicated by 
the following statement, did recognize two major aspects of the 
question:
It probably would be more accurate to say that EDP gives 
business and industry the means to support decentralized 
local management with better facts for local decision 
making as developed by the central computer accum­
ulation of information. At the same time, £  computer 
will centrally accumulate business intelligence from 
the whole of £  business for better broad policy mak­
ing at top management leveIs■
Melitz was among the first to advocate strongly the "total 
systems" concept rather than a piecemeal approach to computeri­
zation, asserting that effectiveness was severely diluted when 
only a few selected functions were brought into the realm of 
EDP activity. It was not until several years later when the IBM 
360 systems were introduced that his ideas became feasible, from
16Peter W. Melitz, "Impact of Electronic Data Processing 
on Managers," Advanced Management. XXVI (April, 1961), 4-6.
^ I b i d ., p. 4.
a practical standpoint.
In 1962 Donald Michaels made some rather alarming predic­
tions, not only supporting a number of the earlier prognostications 
of Leavitt and Whisler regarding the drastic alteration and re­
duction of middle management, but also projecting social upheaval,
mass unemployment, and the rise of an elite class to assume
18control of business and the country.
Drawing largely from the laboratory work of Norbert Wiener 
in the area of artificial intelligence, Michaels asserted that the 
capabilities and potentialities of computers were virtually un­
limited, and that machines would soon be able to "think" at least 
as well as middle managers who "use their minds" are expected
- a  19 to do.
On the other hand, participating in a 1962 lecture series at
the Massachusetts Institute of Technology, Jay Forrester stressed
the positive aspects of the computer's advances and described its
probable role in the overall management of decision making in the 
20future. He felt that the computer would represent a servant 
rather than a threat to managers, relieving them of boring routine 
tasks and allowing them to use their creative abilities more fully. 
Forrester's assertion was that the unrewarding tasks which would
^•®Donald N. Michaels, "Cybernation: The Silent Conquest,"
Computers and Automation. XI (March, 1962), 26-42.
19Ibid.. p. 28.
20jay w. Forrester, "Managerial Decision Making," in Martin 
Greenberger, ed., Computers and the World of the Future (Cambridge, 
Mass.: The M.I.T. Press, 1962), pp. 36-91
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be eliminated " . . .  are management in name only . . . actually 
steps in the information-processing production line,"2*- instead.
Forrester emphasized that the role of corporate management 
would change conceptually from that of being a decision making 
body--and in particular, directing attention to a series of in­
dividual problems--to the more important posture of a group con­
tributing to the achievement of objectives by establishing "a 
proper policy and framework for the guidance of the organization."
The leadership demands on executives will be greatly increased,
22rather than reduced, through computer routinization.
Neil Jacoby, writing in 1962, attacked the idea that scien­
tific change was producing a revolution in business management, 
and he outlined his perceptions of the impacts which advancing 
technology would probably exert on the major managerial functions
no
described earlier, J
Organizing his discussion into three aspects of scientific
impact on management, Jacoby stressed the following major points:
1. Technological progress shifting organization 
structures
a. Vertical structures to reflect enhanced capaci­
ties of top management and lower level func­
tions, multiplication of advisory staffs
b. Horizontal structures to shift relative im­
portance of production and finance (diminish­
ing) vs. marketing and research and development
21Ibid., p. 67.
22Ibid., p. 6 6 ,
Neil H. Jacoby, "Impacts of Scientific Change Upon Business 
Management," California Management Review, IV (Summer, 1962),
31-43.
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(greatly enhanced)
c. Most efficient size of organization for a 
given industry to become enlarged
2. Staffing and direction altered by scientific
advance
a. Education and skill requirements to be ele­
vated at all levels
b. Changing status, structural unemployment, 
etc. to create serious problems of morale 
and incentive
3. Planning and control functions also changing
a. Long-range corporate planning increasing 
in importance
b. Sophisticated and objective measures of 
managerial performance being devised
c. More applications of operations analysis, 
techno-economic planning, management 
science, etc. to be developed
Jacoby did not feel that "revolutionary" changes were in 
evidence, but he did indicate that the "evolutionary" process 
under way was definitely gathering speed. Executives in the 
future will find "myopic management" outmoded, with the survival 
of their firms seriously threatened; but great opportunities 
await those who grasp their significance.
In the following year, 1963, Auren Uris examined the question 
of "Middle Management and Technological C h a n g e . S o m e  of the 
old Leavitt and Whisler predictions were supported, while others 
were again attacked on the basis of the complexity of the de­
cisions usually requiring the evaluation of numerous intangibles 
by middle level managers. In Uris1 evaluation at that time, 
"Extrapolation of current evidence suggests that, rather than
2^Ibid., pp. 34-42.
25
Auren Uris, "Middle Management and Technological Change," 
Management Review, LI1 (October, 1963), 55-58.
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replacing large numbers of managers, computers will have their 
major impact on the content of the middle-management job."^0 
Probabilities were, it was asserted, that the future positions 
at this level would be more technical and more highly structured.
Other points which promised to demand consideration as 
approaching phenomena included, according to Uris, the following:
(1) increasing executive specialization, (2 ) widening spans of 
control, (3) recentralization of authority, (4) more intensive 
executive training to ease adjustment to technological change, 
and (5 ) recruitment of specific skills rather than hiring
27generalists who might work up from the bottom of the organization.
John Diebold included a chapter titled "Technology's Challenge
to Management" in his book, Beyond Automation, published in 1964.
Herein he discussed four major observations regarding the impact
of accelerating technological change on "the very roots of our
28management philosophy."
First he emphasized the increasingly critical role of the 
planning process in determining management success or failure, 
focusing specifically on the task of planning for change. With 
the environment becoming much more complex while ever-short.er 
reactions are to be demanded in the future, executives must de­
vote more attention to this major function.
^ Ibid. t p. 56.
27lbid., pp. 57-58.
^®John Diebold, Beyond Automation (New York: McGraw-Hill 
Book Company, 1964), pp. 15-29.
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Simultaneously, said Diebold, managers must strive to be more 
effective in their relationships with the creative and service 
personnel who in the final analysis determine the success of the 
business. Improvements in communications, recognition of prime 
loyalty to profession rather than employer, and revamping of 
reward structures must be considered.
Aside from alterations in the planning and personnel func­
tions, Diebold also projected substantial changes in basic busi­
ness concepts and the overall process of management. Among the 
more important observations were his ideas concerning: (1 ) longer
c
run view of profitability, (2 ) disproportionate increases in pro­
ductivity in certain areas, (3) business-wide information systems 
which will link more closely the traditional office and plant 
activities, (4) new potentials for recentralization of authority, 
if desired in specific situations, and again, (5) new roles for
middle management as the function of resource allocation becomes
29 °ameanable to computerization.
A three-part framework for projection of the nature of 
"Managerial Functions in the Era of Automation," by Julius 
Rezler in 1964, encompassed the impact of automation on: (1) the 
"general" management functions, including the tasks of estab­
lishing a basic organization philosophy and planning for an in­
tegrated system, (2 ) the "personnel" functions, comprised of the 
activities of hiring, firing, training, transfering, industrial
2 9Ibid., pp. 23-26.
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relations, etc., and (3) the "organization" of management, in-
a
volving again such issues as centralization vs. decentralization, 
shifts of responsibilities and status, and the like.
Much of Rezler's discussion was based on the summarization 
and comparison of ideas of earlier writers, including Simon,
Anshen, and Diebold along with those of several empirical re­
searchers, whose contributions are to be presented in the next 
section.
Rezler, like Diebold, predicted a "rethinking" to develop a 
new overall management philosophy, looking at industrial pro­
cesses from the outside as complete, integrated systems. Following 
Simon and Anshen, he agreed that automation will not affect all 
areas of managerial decision making equally, since some categories 
will be more suitable for computerization than others. He also 
projected a stronger emphasis on planning, with lengthening time 
horizons, and noted that managers should simultaneously have more 
time and opportunity to plan more effectively as computers assume 
some of the burdensome routine chores of running day-to-day 
operations.
Various activities related to staffing and directing person­
nel, said Rezler, will produce problems and frustration as com­
puters automate some jobs and create new ones which cannot be 
filled by the displaced personnel without extensive retraining
■^Julius Rezler, "Managerial Functions in the Era of Auto­
mation," Advanced Management Journal. XXIX (April, 1964), 57-65.
3^ -Ibid ., pp. 58-60.
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and remotivating-- at both managerial and operative levels. Rezler
4
has pointed out that labor unions will certainly strive to make
management financially responsible for the loss of work and workers
32
resulting from the introduction of automation.
James Emery echoed in 1964 the view that information tech­
nology would have its greatest impact on management and organiza­
tion through the improvements it promises for the planning pro­
cess. 33 He related the hierarchies of organization objectives and 
planning with the authority structure, noting that computeriza­
tion might be expected to have similar effects on both. Among the 
general trends he predicted were: (1 ) increasingly comprehensive 
activities, (2 ) consolidation of organizational units and tasks,
(3) increasing spans of control, (4) greater formalism and pre­
cision in planning models, and (5) tendencies toward centraliza­
tion, particularly when defined in terms of the source of in­
formation in addition to the concept of the seat of authority 
for making decisions.^
Emery was by no means certain that the job of a lower- 
level manager would diminish in either interest or challenge 
even if more comprehensive higher-level plans imposed additional 
constraints. In fact, noted Emery, "it is at least possible
33Ibid. . pp. 60-63.
33James C. Emery, "The Impact of Information Technology on 
Organization," in Peter P. Schoderbek, Management Systems (New 
York: John Wiley & Sons, Inc., 1967), pp. 94-101,
3 4Ibid.. pp. 96-99.
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that it will be made more attractive through a reduction of some 
of its uncertainty and many of its unrealistic demands.
Gilbert Burck greatly popularized the growing role of the 
electronic digital computer through a series of articles appearing in 
Fortune beginning in 1963 and culminating in a widely-acclaimed book 
in 1965. Of particular significance to this paper was a chapter 
asserting that "Management May Never Be the Same Again.
Agreeing with several of the authors previously cited, Burck 
suggested that the computer offered a means of recentralizing 
authority which would prove irresistible to top-level managers.
In addition, said Burck, the computer should result in more 
formalized, analytical, and explicit decision-making processes 
as opposed to old "rules of thumb," "shrewd guesses," and 
"sharp feelings."
Management by exception should prevail more effectively in the 
future as computer-systems men strive to present only strategic in­
formation to top managers while preventing an inundation of details 
which the computers are able to spew out to subordinate managers for 
use in their operational control capacity. Further, Burck surmised,
The job of a top manager will be at once easier and 
harder. He will be faced with less uncertainty in the 
sense that he will know more about what is going on, 
but he will have to think harder and more precisely to 
take advantage of his knowledge.
35Ibid., p .  1 0 0
^Gilbert Burck, The Computer Age and Its Potential for 
Management (New York: Harper & Row, Publishers, 1965), 100-119.
^ Ibid ., p. 114.
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Oliver Tuthill agreed largely with Burck's thoughts in his
1966 writing which projected the effects of "The Thrust of Inform-
38ation Technology on Management." He felt that managers would 
certainly have to restudy their basic goals and responses to busi­
ness problems in the light of new challenges and opportunities 
produced in part by computers. Tuthill also noted the flood of 
data pouring onto management desks and hailed the potential for 
management by exception provided through well-designed information 
feedback systems. Not only would top executives be relieved of 
trying to decipher the meaningful information, as Burck had 
pointed out, but also the lower and middle managers would no
longer spend such large proportions of their time assembling such
39masses of incomprehensible operating data.
Other major effects predicted by Tuthill included: (.1) a 
flattening hierarchy of management, with stratification stream­
lined and lightened, (2 ) broadened decision areas, with top 
management closer to field operations, (3) rearranged department 
boundaries, with emphasis on functional integration, and (4) 
tightening discipline as almost instantaneous observation of top 
managers over subordinates becomes more feasible.^
John Dearden seriously disagreed with a number of the fore­
going prognosticators, asserting that computers really had
^Oliver U. Tuthill, "The Thrust of Information Technology 
on Management," Financial Executive, XXXIV (January, 1966), 18-29.
39lbid.f p . 26.
4°Ibid., p. 29.
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practically " ,  . . No Impact on Divisional Control," in his 1967 
article on the subject.^ It was Dearden's view that organizing 
by profit centers was a logical division process relatively un­
affected by size and complexity, and that an attempt to control 
such activities centrally would be artificial and inefficient.
Since the advent of the computer did not alter this basic premise, 
it followed according to Dearden that computerization should 
really have no significant impact on organization structure.
He further argued that it was not lack of information itself, 
but inability to maintain all of the expertise required to
t
utilize the information effectively which managers must face as 
a primary problem. In some cases the computer might be expected 
to increase decentralization, with delegation of decision­
making authority to those who could best utilize the knowledge 
gained from sophisticated information systems.^2
Dearden did admit that computers would undoubtedly make it 
possible to have performance data earlier, improve variance anal­
ysis, and offer limited assistance in goal setting, but these 
benefits did not seem to alter to any large degree the work done 
by managers at various levels in a decentralized company. Despite 
the economies of centralizing data processing and logistics 
activities, the basic nature and organization of management should
^Ijohn Dearden, "Computers: No Impact on Divisional Control,"
Harvard Business Review, XLV (July-August? 1967), 99-104
4 2Ibid. . pp. 1 0 0-1 0 1 .
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not be significantly affected.^
Thus, it is clear that wide differences existed among the 
''experts11 who sought to predict the approaching impact of com­
puters and information technology on management processes. Several 
more recent writers have offered revised and synthesized prog­
nostications based in part on empirical evidence which has begun 
to indicate what has actually been happening in business organ­
izations as a result of computerization, thus offering a broader 
base from which to extrapolate. These modern forecasts are sampled 
after a chronological view of the research findings from companies 
leading the way in the use of computers is developed.
Observations from Research on Impact
Among the prominent researchers who have offered direct 
observation and analysis of the computer's effects on management 
are: (1) Ida Russakoff Hoos, (2) Melvin McMichael, (3) Morton
Silver, (4) Donald Shaul, (5) Robert Adams, (6) Rodney Brady,
(7) Harold Sollenberger, (8 ) Dominic Parisi, (9) James O'Brien, Jr., 
(10) William Reif, and (11) Edgar Huse. Their empirical findings, 
generated substantially through doctoral dissertations and foundation- 
supported case studies, are now presented in order to temper the 
predictions offered in the previous section in the light of real- 
world events.
Ida Russakoff Hoos began in 1957 a two-year study of nineteen
^ I b i d ., pp. 103.
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organizations, including large and small private business concerns-- 
manufacturers, processors, distributors, banks, insurance com­
panies, and public utilities--and a few government agencies.^
This research was completed after the publication of the classic 
Leavitt and Whisler predictions cited earlier and largely supported 
their prognostications.
Hoos found that recentralization of authority was in evidence, 
reversing the decentralization trend which had been in effect for 
the preceding twenty-five years:
The advent of automation with its integrated electron­
ic data-processing systems has reduced the record­
keeping problem and the organization of decision- 
information to tractable proportions.
. . . EDP stimulates two distinct types of recentral­
ization, One type relates to the integration of spe­
cific functions and affects primarily the internal 
organization of the company. The other involves re­
grouping of entire units of the operation and causey 
sweeping changes of the external structure as well.
Hoos's research also substantiated the Leavitt and Whisler
predictions of thinning middle management ranks, accompanied by
restructuring and lower status. With the computer taking over
many of the former duties of personnel ranging from supervisory
levels to executives junior grade,
. . . much of middle management's function in private 
industry is devoted to monitoring for errors before 
information reaches the EDP machine, and handling 
those exceptions not covered by the program. With
^ I d a  Russakoff Hoos, "When the Computer Takes Over the 
Office," Harvard Business Review, XXXVIII (Kovember-December, 
1960), 102-112.
^ Ibid. , pp. 105-106.
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few opportunities for the exercise of initiative or 
judgment, such work is neither challenging nor reward- ' 
ing, nor does it have the prestige which must compen­
sate ambitious young men in their gradual upward 
climb.46
Hoos also perceived the emergence of an "EDP elite," held in awe 
by fellow workers, ignoring all the ground rules of established 
organisational behavior, cutting across departmental lines and 
truncating authority. Efficiency and optimization seemed to be 
two keys which unlocked a realm of almost total autonomy for the 
EDP department, while other groups had to readjust as the whip 
cracked.
With organizations becoming recentralized and flattened,
displaced clerical and supervisory forces seeking new jobs,
stagnation appearing in the middle management ranks, communication
and personnel problems becoming more widespread, and unnecessary
havoc in general deriving from the process, Hoos nevertheless
emphasized that:
The preceding analysis of the short-run effects of 
automation on office workers and executives need not 
be interpreted as an indictment of technological prog­
ress generally, A realistic and balanced view and 
understanding of the effects of automation provide 
a meaningful basis for applying thought and action 
to important problems. . . .  It is through careful 
and detailed study of automation in specific areas 
rather than broad and conjectural statements, that 
progress can be made toward a workable solution of 
the problems engendered by automation and full 
realization of its benefits,47
46Ibid..p. 107.
47Ibid., p. 112.
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The majority of the research studies reviewed in this section 
have accepted Hods's challenge, concentrating attention on the 
observed impact of computers, automation, and information tech­
nology in particular business situations.
In 1961, Melvin McMichael completed a study of "The Impact 
of Integrated Data Processing on Organization Structure," exam­
ining five companies, each of which was operating in a different 
industry and exhibited a different size.^ All five firms were 
striving to achieve greater coordination of decision making through 
more sophisticated information collection, storage, dissemination, 
and utilization. The 'bystems concept"noted previously was a 
major cornerstone for the construction of each IDP network. The 
extent of IDP effort varied substantially, with larger companies 
usually able to develop more fully than small companies not in 
a position to afford such expensive computerization. Virtually 
unanimous, however, was the expectation of the eventual devel­
opment of a "total system," in which all information processing 
would be highly integrated.
In each case, certain departments were observed as increasing 
in organizational importance. Variously recognized as the "Data 
Processing Department," the "Systems Department," or a special­
ized section within the Accounting Department, the IDP group was 
gaining at least some of the power observed by Hoos.
^®Melvin E. McMichael, "The Impact of Integrated Data Proc­
essing on Organization Structure" (Ph.D. dissertation, University 
of Texas, 1961).
71
Definite effects on clerical, supervisory, and middle 
management personnel were noted, with the particular details 
varying according to the situation involved. While in some 
instances there were direct cutbacks, other companies simply 
did not increase these personnel as the volume of business ex­
panded. McMichaels’ research indicated that middle-level managers 
in accounting, production, and sales were the groups most affected 
in the companies examined, with some previous responsibilities 
and the correlary authority reduced 01* removed as work was 
transferred to the data processing group.
Morton Silver concentrated on the area of job l.ot manufac­
turing in his 1962 "Evaluation of the Impact of an Integrated
Data Processing System on the Organization of a Manufacturing 
49Company.11 Emphasizing that the results of his study were 
directly applicable only to the one case'researched, he formu­
lated conclusions in five major areas:
1. Organizational Resign--should incorporate appli­
cation of such tools as information flow diagrams, 
activity charts, and systems analysis, using time 
frame of approximately two to four years to phase 
in IDP fostered changes
2. Departmentation--will need invention of new de­
partments to generate nature and sequencing of 
information and work indicated by IDP system, 
usually resulting in larger spans and relocation 
of authority
3. Formal face-to-face relationships--will probably 
find lesser importance as improved availability 
of data regarding general company policies and 
specific operating characteristics resulting from
Morton A. Silver, "An Evaluation of the Impact of an Inte­
grated Data Processing System on the Organization of a Manufacturing 
Company" (Ph.D. dissertation, Columbia University, 1962).
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IDP reduces the need for committees, staff groups, 
etc. for communication purposes
4. Locus of authority--may be concentrated at either 
■ high or low levels depending on the prevailing 
"management philosophy" and need for timely de­
cision making, which in the particular case studied 
resulted in decentralization 
5* Span of management--may be increased as IDP 
systems permit the effective supervision of 
greater numbers of men, activities, and processes
Thus, Silver's research findings in this one case differed 
substantially from the predictions and observations of a number 
of earlier writers regarding the issue of centralization of 
authority, but generally supported the potential for either 
centralization or decentralization through the feasibility of 
wider spans of management. His conclusions about the need for 
redepartmentalization through a "systems approach" definitely 
were in agreement with the ideas of other writers.
In 1964, Donald Shaul examined "The Effects of Data Process­
ing on Middle Managers," using eight companies for case studies.
His participants included firms in the aircraft, petroleum, 
electronics (government contracts only), radio and television, 
banking, life insurance, finance, a n d .telephone businesses, thus 
representing a wide range of manufacturing and service industries.
Shaul investigated the traditional management functions 
previously discussed in detail (planning, controlling, organizing, 
staffing, and directing) in order to asses what effect, if any,
~^Ibid., Abstract, pp. 1-2.
-^Donald R. Shaul, "The Effects of Data Processing on Middle 
Managers" (Ph.D. dissertation, University of California, Los 
Angeles, 1964).
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EDP had exerted on the nature of the middle manager's job:
1. Planning--Sixty per cent of the managers interviewed 
said they worked longer on planning activities 
after the installation of the EDP system than they 
had previously, due primarily to three main reasons:
a. the increased volume and reliability of the
data received,
b. the speed-up in the flow of information, and
c. the demands of their superiors for greater
output and more detailed analyses.
2. Controlling--About two-thirds of the interviewees 
indicated that the computer would reduce the time 
required for controlling, primarily because fewer 
exceptions requiring their consideration would be 
brought to them for decisions.
3. Organizing--Nearly all of the managers reported 
that there had been practically no change in their 
organizing activities, although some shifts in the 
overall organization structures had occurred.
4. Staffing— Respondents said that EDP demanded 
higher-caliber managers to fill the same positions, 
and hence, more careful selection and training 
would be required.
5. Directing--A high percentage of the managers con­
sulted agreed that they had to devote more time to 
directing the work of their departments after 
computerization, citing several primary causes:
a. more complex relationships with interdependent 
departments,
b. greater quantities of information to digest 
and use,
c. enlarged spans of control with addition of 
new activities, and
d. necessity of apprising subordinates of 
complexities of new system.
Aside from these findings related directly to the nature of
traditional management functions at the middle-management level,
Shaul1s research indicated that the computer did not really pose
a threat, but on the contrary, promised to liberate more time to
devote to motivating, leading, training, weighing new opportunities,
52
Donald R. Shaul, "What's Really Ahead for Middle Manage­
ment?" Personnel, XLI (November-December, 1964), 10-11.
74
and the like.
There did not seem to be any concrete evidence in the eight 
companies studied which would substantiate such gloomy predictions 
as the elimination of vast numbers of middle and supervisory man­
agers, the complete structuring of the jobs which would remain, 
the need to become highly skilled in the techniques of computer 
operations or model building procedures, etc. Further, rather 
than suffering a loss of prestige as some of the early prog- 
nosticators had presaged, the middle managers interviewed felt 
that their status had been raised by EDP as they found their jobs
c n
gaining in complexity and challenge. J
Robert S. Adams conducted an in-depth study of "The Effects 
of Information Technology on Management and Organization" at 
a major petroleum refinery in 1965, analyzing the impact at several 
levels in the management hierarchy^ as opposed to Shaul*s con­
centration on middle managers.
Adams found, contrary to the sweeping predictions made by 
Leavitt, Whisler, e_t_ al. , that the changes resulting from com­
puterization at the refinery had only been evolutionary rather 
than revolutionary in scope. Although top managers were pro­
vided a more precise base upon which to make decisions, their 
overall functions and the skills required to perform them had
53ibid.. pp. 12-13.
54R0bert S. Adams, "The Effects of Information Technology on 
Management and Organization" (Ph.D. dissertation, Louisiana State 
University, 1965).
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been generally unaffected by information technology. Adams' re­
search did indicate that the job content at middle and lower 
management levels had been changed as routine analysis and paper­
work were computerized. In fact, said Adams:
The major impact of the new technology at the refinery 
has been to improve the basis of human decision making 
at the middle and supervisory levels. Decision making 
has not become routine as some writers have predicted.
As a consequence of having much of the same information 
available throughout the organization, middle and lower 
management are now making decisions more in conso­
nance with the thinking and policies of top management.
Such uniformity of policy action and decision making 
has resulted in a more efficient organization.^5
Adams found a few instances in which the integrated informa­
tion system had enabled the combining of separate departments, but 
considered them generally minor in nature. The refinery had long 
been devoted to a philosophy of decentralization, and the computer 
did permit . . a  small discernible movement toward pushing 
decision making downward in some areas within the organization.
In these areas many of the managers have been freed of routine 
analysis and many have turned to more creative and important 
work."^
"The Impact of a Change in Information Technology on Manage­
ment Organization Structure, Decision Making, and Interpersonal 
Relationships in a Large Insurance Company" was the focus of a
55ibid., p. 160.
56Ibid., p. 158.
1966 case study by Dominic Parisi. His conclusions largely 
corroborated those of Adams and Shaul, as just discussed. He 
did not find that computerization had reduced numbers or changed 
the hierarchical distribution of managerial manpower, decreased 
the judgmental content of middle management decisions, or re­
duced the degree of interpersonal relations of managers with 
colleagues or subordinates at the divisional level in the company.
Contrarily, Parisi found that this major insurance company 
had actually experienced an increase in the number of managerial 
personnel not attributable merely to growth of the business.
No significant changes in the hierarchical structure were detected. 
Further, most of the managers interviewed perceived their jobs as 
having increased in level of judgment level required in decisions, 
and hence, in importance and status. Such specific factors as 
amount of authority, span of control, planning and coordinating 
activities, etc. were reported as having gained emphasis after 
the introduction of the computer and information technology.
And finally, the frequency of personal interactions among managers, 
their subordinates, and other personnel was also perceived as 
having increased, in direct opposition to some of the early 
predictions of gross dehumanization within their types of positions.
Another set of detailed case studies was conducted in 1966 by
-^Dominic G. Parisi, "The Impact of a Change in Information 
Technology on Management Organization Structure, Decision Making) 
and Interpersonal Relationships in a Large Insurance Company"
(Ph.D. dissertation, Northwestern University, 1966).
-^Ibid., Abstract, pp. 1-2.
77
by James O'Brien, Jr. to determine "The Impact of Electronic Data
eg
Processing on Commercial Banks." Although most of the emphasis 
of O'Brien's research was concentrated on various new and improved 
banking services, relationships with customers, the public, and 
regulatory agencies, etc., he did draw several conclusions rele­
vant to the nature of management and organization.
In the five banks analyzed, O'Brien found that EDP had re­
sulted in a trend toward more centralization of authority over 
various activities. Further, computers had almost totally elimin­
ated the formerly very large job classification of bookkeepers 
and their supervisors, replacing them with a much smaller number 
of computer programmers, systems analysts, and other EDP person­
nel.^ Thus, much more so than in other contemporary studies, 
these findings tended to substantiate some of the original 
Leavitt and Whisler predictions.
William Reif, also writing in 1966, sought to determine 
"The Effect of the Computer upon the Managerial Structure" of
three firms: a manufacturing company, a utility company, and a
f\ 1
bank. Several major conclusions drawn from the research were 
that:
1. There is a recentralization of decision making
-*9james A. O'Brien, Jr., "The Impact of Electronic Data 
Processing on Commercial Banks" (D.B.A. dissertation, University 
of Oregon, 1966).
60Ibid., Ab stract, pp. 1-2 .
61william E. Reif, "The Effect of the Computer upon the Man­
agerial Structure" (Ph.D. dissertation, University of Iowa, 1966).
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in the management hierarchy, as evidenced by:
a. fewer decisions being made at lower levels,
b. less important decisions being made by 
decentralized managers, and
c. greater control of decentralized operations 
exercised by top management.
2 . Line-staff relationships are being redefined, with
staff groups exercising greater control and making 
more decisions.
3. No important changes are occurring in the formal
and informal channels of communication.
4. The informal organization has absorbed much of the
impact of computerization so far.
The manufacturing company formally adhered to a philosophy of 
decentralization and the managers interviewed staunchly denied that 
recentralization was occurring. But they did admit that top man­
agement had gained greater ability to control if it wanted to do 
so, that standardization of certain methods and procedures had 
increased, etc. Similar findings were evident at the utility 
company. ^  On the other hand, most important decisions at the 
bank had traditionally been made at the top management level, and 
the introduction of the computer did not seem to alter this 
pattern, especially since the main impact of EDP was involved in 
making clerical functions more efficient.^3
Reif also found that specific answers regarding the computer's 
effect on middle management depended largely upon the particular 
person being interviewed, but general patterns did emerge. In
62t1 . , Ibid., pp. 209-216.
63Ibid., pp. 106-115.
6AIbid., pp. 138-144.
65ibid., pp. 166-167.
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the manufacturing company the computer apparently increased the
ranks of middle level marketing managers while shifting the
balance somewhat from line middle managers to staff specialists
66
in the area of production. In the utility company little 
change in middle management had been observed to date, but the 
general concensus was that the ranks of middle managers would 
be thinned somewhat, with those surviving subsequently to find
their jobs upgraded in terms of span of control and importance
£ j • • 67of decisions.
Reif was able to develop a number of other interesting con­
clusions from his research, but one final implication warranting 
inclusion here was that, in view of management's willingness to 
let the informal organization absorb much of the initial impact 
of computerization,
Either management assumes that the informal organiza­
tion can adequately compensate for any necessary changes 
in formal structural relationships, or it is reluctant 
to make changes which are not compatible with the 
existing, in most cases, line-staff, structure of
organization. . . . . . . .  ........................
Is the line-staff structure outmoded, and a relic of the 
first industrial revolution? Will organizations in 
the future more nearly conform to information flows 
rather than scalar authority relationships?®®
Reif has hinted that despite the findings of other recent
empirical studies, it may be that these bold predictions of
Leavitt and Whisler are more realistic than has been shown to
6 6Ibid., pp. 115-120.
®^Ibid., pp. 144-145.
68Ibid., pp. 216-217.
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be true in other cases differing from the particular organizations 
examined here--perhaps even on a substantially more widespread 
scope than he could legitimately specify,
Rodney Brady completed an analysis of "The Impact of Com­
puters on Top Management Decision Making and Organization . . 
in 1966, interviewing executives in a number of large companies 
engaged in manufacturing and advanced research and development 
for the aerospace and defense industry.^ He specifically sought 
to determine what effects computers had exerted on seven areas of 
possible impact: (1) the kinds of information reaching top
management for decision making, (2 ) the volume of this informa­
tion, (3) its accuracy, (A) its timing, (5) the kinds and mix of 
decisions to be resolved, (6) the process by which top management 
analyzes and reaches decisions, and (7) the top management 
organization structure.
Also seeking to determine variations between corporate and 
division organizations, as well as expected future impacts,
Brady's interviews and analysis of complementary documentation 
led him to formulate the following major conclusions:
1. Computers appear to have had only a slight impact 
on top management decision making and the organ­
ization structures of the firms included in the 
study.
2. Of the seven areas of impact specifically investi­
gated, computers appear to have had the greatest 
impact with respect to the timing of information
69
Rodney H. Brady, "The Impact of Computers on Top Manage­
ment Decision Making and Organization in the Aerospace and Defense 
Industry" (D.B.A. thesis, Graduate School of Business Administra­
tion, George F. Baker Foundation, Harvard University, 1966).
reaching top management, the second greatest im­
pact with respect to the accuracy of the informa­
tion reaching top management, and the least im­
pact with respect to the kinds of decisions reach­
ing top management for resolution.
3. The magnitude of the impact of computers appears 
to vary significantly between the corporate and 
divisional organizations studied and among the 
divisions of different sizes studied. (generally 
proportional relationship between size and impact)
4. The top managers interviewed widely considered 
that computers had had less of an impact than did 
the middle managers interviewed.
5. The executives interviewed generally predicted 
that computers will have a greater impact on top 
management decision making in the future than at 
present.^
Brady has subsequently emphasized that top level managers do 
not appear to use the computer directly for decision making.
"Thus, if the computer has had any impact on the top management 
decision-making process in the companies studied, the effect has 
not been directly on top management, but on the manner in which 
middle managers are contributing to top management decision 
making. "^1
Further implications derived by Brady from his industrial 
consulting and this research study paralleled and expanded ideas 
quite similar to those of earlier writers, including: (1) faster
decisions due to earlier identification of problems and oppor­
tunities, as well as more rapid analysis of information, (2) more 
time for decisions since information reaches top managers sooner,
(3) more thorough analyses due to improved technical tools as
70lbid., Chapter II, pp. 4-13.
^Rodney H. Brady, "Computers in Top-Level Decision Making, 
Harvard Business Review, XLV (July-August, 1967), 68-69.
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well as more detailed information upon which to base decisions, (4) 
wider, ranges of alternatives possible since opportunities for 
presentation of ideas from subordinates occur more frequently,
(5) more accurate anticipation of results accompanying delinea­
tion of alternatives, and (6 ) increased ability to consider
general "what if" types of questions formerly pre-empted by more 
72pressing issues.
Edgar Huse selected one large manufacturing company which
used an integrated information system cutting across departmental
lines to research "The Impact of Computerized Programs on Man-
7 ^
agers and Organizations," and reported his findings in 1967.
Like Brady's case study firms, the one Huse examined manufactured 
a line of highly complex pieces of equipment used for a variety 
of defense purposes, but in addition, the Huse company also 
served civilian customers.
Generalizing, Huse noted that implementing an automated 
information system was primarily a problem of managing change-- 
including both technical and human aspects. It is specifically 
the latter with which this discussion should be concerned. Huse 
found that hard work and sincere effort on the part of task-force 
and operating personnel must be supported by a highly-involved
72lbid.^  pp. 70-74.
73gdgar F. Huse, "The Impact of Computerized Programs on 
Managers and Organizations: A Case Study in an Integrated Manu­
facturing Company," in Charles A. Myers, ed., The Impact of Com­
puters on Management (Cambridge, Massachusetts: The M.I.T.
Press, 1968), pp. 282-302.
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top management in order to make such a new program successful.
The integrated system installed in this manufacturing company
necessitated considerable interdependence among a number of work
groups which had previously been largely independent. Assessing
this aspect of the computer's impact, Huse noted:
The walls between groups, units, and sections begin to 
crumble as the programs and information flow out 
across and through them. Currently, the possibility 
of losing "control" of one's own operation and being 
dependent upon other areas is quite threatening, es­
pecially to the manager'of what has been an autono­
mous area.74
This threat caused a great deal of resistance on the part of the 
managers affected, who sought to maintain manual interface among 
the various subsystems, thus causing substantial delays in the 
implementation of the program.
Huse surmised, as had been predicted by some of the early 
prognosticators, that reward concepts must change to reflect 
effort in the assistance of the achieving of overall organiza­
tional goals rather than being related to "independent" accom­
plishment of specific objectives within departments and work 
groups.
The "numbers game," Huse reflected, has long been played by 
managers at all levels in American industry, as they attempt to 
"look good" to their superiors. This should warrant special 
attention, he said, because:
. . . Although the informal system can live with this
74Ibid., pp. 290-291.
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shifting of data, computer programs cannot. Their 
outputs are completely dependent upon the accuracy 
of their inputs. . . . Attempts to develop tighter 
and stricter controls, particularly at the managerial 
level, will have the same effect as they have always 
had--better attempts to "beat the system." l?or this 
reason, much more careful attention to information7 s
flow is necessary under EDP.
Huse concluded that before, during, and after a major change 
such as is inevitably involved in computerizing a system similar 
to the one he had studied, much attention must be given to pro­
viding for the needs and fears of those persons most affected-- 
usually middle management. Without the support and cooperation 
of this group, only failure could result. The company studied in 
this research devoted a major effort to this end, and seemed 
fairly confident that the results would be impressive, despite 
the delays experienced as these lessons were learned.
In 1967, Harold Sollenberger described a number of "Major 
Changes Caused by the Implementation of a Management Information 
System" in fifteen firms, including eight manufacturing companies, 
five consulting firms, and two computer equipment manufacturers.^ 
The scope of the problem he investigated was somewhat broader 
than that of most of the others reviewed, seeking to determine 
the major factors in systems design and direction as well as 
uncovering the primary changes and problems resulting from the
7 5 Ibid., pp. 292-293.
7^llarold M. Sollenberger, "Major Changes Caused by the Imple­
mentation of a Management Information System" (D.B.A. dissertation, 
Graduate School of Business, Indiana University, 1967).
implementation of a computerized management information system.
After reviewing the nature of the management decision­
making process, utilizing many of the ideas of Anthony, Simon,
77and others previously cited in this literature review, 
Sollenberger identified the following trends through his inter­
views with executives in the case study firms:
1. Flattening of some organization structures, with 
more managers reporting to one superior and fewer 
managerial levels
2. The ability of a given manager to handle more 
duties than possible before the introduction of the 
system.
3. Increased centralization of decision making
4. Greater emphasis on planning at higher levels of 
management, resulting in part from improved 
communication and reduced administrative demands
5. Redefining of functional units, with consolidation 
of certain interrelated groups
6 . Increased use of exception and inquiry reporting
7. Greater standardization of data systems and uniform 
procedures
8 . Reduction of multiple files and duplicate record­
ings
9. Introduction of controls and mechanized decision­
making devices
10. Move clarification of job descriptions and respon­
sibility assignments
11. Greater demands for accuracy and precision through­
out the system
12. Expanded education and training programs to famil­
iarize managers and operating personnel with the 
revised management information system, its pur­
poses, and the resulting changes necessary to 
obtain acceptance of the changes and efficient 
use of the advantages offered by the system^®
Thus, a wide range of observations has evolved from the 
research findings of various case studies seeking to determine
7?See Chapter II, pp. 46-47.
j
7 8
Sollenberger, o£. cit., pp. 183-217.
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the impact of computerization on management functions and organ­
ization structures at different levels in many types of firms.
Some of the observations have tended to support the early pre- . 
dictions of Leavitt, Whisler, and their followers, while other 
evidence has contrarily supported the challenges of Anshen, 
Burlingame, and subsequent critics of the early bold prognosti­
cations .
The final section of this portion of the literature review 
attempts to bring these diverse views into a reasonably coordi­
nated overview in order to derive a perspective from which to 
appraise the results of the three case studies conducted in this 
research.
Synthesis and Refinement of Outlook
Two recent articles have helped substantially in the de­
velopment of a panoramic view of the computer's past and probable 
future impact on the management of business organizations. The 
first, written by Charles Hofer in 1970, contrasted the pre­
dictions of Leavitt and Whisler, Anshen, Burlingame, and Dearden 
among themselves, and then compared them to the research findings 
of Hoos, Shaul, Lee, and Brady, each of which tended to support 
one of the sets of predictions.^ Hofer subsequently presented 
some findings which he had derived separately through, his own 
two-year comprehensive study of computer impact in two manufacturing
^Charles W. Hofer, "Emerging EDP Pattern," Harvard Business 
Review, XLVIII (March-April, 1970), 16-18 ff.
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companies--one small and the other a large, multidivision 
organization--in which he examined "virtually every type of 
function at every level in the hierarchy."
Briefly summarized, the four matched pairs of predictions and 
research findings noted by Hofer are illustrated in’ Figure 6 on 
page 8 8 , adapted from the article cited. The patterns vary from 
exhibiting a major computer impact on management functions and 
organization structures to indicating little or no significant 
effect. Middle management does seem to be the level most likely 
to be affected, but its jobs may promise to be either upgraded or 
routinized and eliminated. Either centralization or decentral­
ization may flourish, depending on the philosophy of those in 
control.
Hofer found that organization size did not play a significant 
role in determining the impact of the computer. More important 
were: (1) the organization characteristic or process examined,
(2) the level in the authority hierarchy involved, and (3) the 
nature of the principal tasks of the organizational component 
involved.®^*
In general, Hofer's research findings showed that the effects 
of the computer were:
1. Greater on organizational processes and delegation 
of authority than on the characteristics of formal 
structure,
2. Greater at the operations level than at the top 
functional level, and greater at both of these 
levels than at the general management level, and
80
Ibid.. p. 17.
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Figure 6
Comparison of Predictions and Findings 
Regarding the Effects of Computers on Management
Observers1 Predictions Researchers1 Findings
I. Harold Leavitt and Thomas Whisler (1958) .1. Ida Russakoff lloos (I960)
A. Middle management jobs will be A. Computers have cither combined or
highly structured. ’’ eliminated many middle manoge-
B. Top managers will take over most ment Jobs.
creative functions. B. EDP has systematized, standard­
C. Programers, etc. will move upward ized, and restricted information
in the organization. flows.
D. Large industrial organizations will C. Power and status of EDP personnel
rcccntralizc authority have expanded, undercutting others.
D. Two types of recentralization have
been stimulated by EDP.
II. Melvin Anshen (1960)
A. Computers will present new
opportunities rather than eroding II. Donald Shaul (1964)
or destroying middle management A. EDP hod made middle managers'
Jobs. job more complex, while elim­
B. Tasks of middle managers will inating monotonous work.
resemble more closely those of B. There has been no reduction in the
top management need for middle managers.
C. Computer personnel will not assume C, Some recentralization has taken
top management functions or serve place.
as primary promotion source. D. Hew activities have resulted in
D. Trend toward decentralization will addition of middle management
be slowed down positions.
III. John Burlingame (1961)
A. If company's philosophy is one of 
centralization, computers may 
produce Leavitt and Whisler 
predictions.
If company's activities are merely 
centralized because of former 
difficulties of coordination, EDP 
may enable move toward decentral­
ization.
If company's philosophy is one of 
decentralization, computers should 
help to achieve more fully.
B.
C.
III. Hok Chong Lee (1965)
A. Magnitude of EDP impact is gov­
erned partially by computer technol­
ogy, but also by management's 
attitude toward use.
B. Drastic changes related to centrali­
zation and elimination of middle man-
, agcrs have not occurred to date
IV. John Dearden (1964-1967)
A. Computers will have no impact on
the organization of top and divisional 
management.
B. Computers will have little Impact 
on the ability of top management 
to control profit centers.
C. It will not be profitable to operate 
real-time information systems
except In special areas such as logis­
tics and production scheduling.
IV. Rodney Brady (1966)
A, Top management does not use the 
computer directly for decision 
making.
B. Use of computers by middle man­
agement assists cop management 
decision making by providing 
greater volume and quality of data 
more quickly.
Adapted from Hofer, "Emerging EDP Pattern," p. 18.
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3. Greater on the organizational components whose 
principal tasks involved the processing of large 
amounts of quantitative data than on components 
whose tasks did not.®-*-
Thus, Hofer's conclusions tended to agree more with the recent 
predictions and research findings, noted in categories III and IV 
in Figure 6 , which have been tempered considerably from the bold 
prognostications and claims of actual results which emerged 
during the early history of computerization. This is not unlike 
the transitions observed in other disciplines generating predic­
tions and research. For example, in the field of economics, 
the classical theories tended to be generalized and sweeping, 
based on bold projections of limited evidence; whereas modern 
views are much more conservative and deal with limited economic 
segments and time periods. The same has been largely true in the 
fields of psychology, sociology, and their interactions with both 
physical and social environments.
An interesting thread running through most of the predictions 
and observations related to the impact of the computer on manage­
ment functions has been that although the effects to date have 
been somewhat limited, more substantial changes are unanimously 
anticipated in the future.
A final article warrants inclusion in this literature review.
J. G. Hunt and P. F. Newell wrote in 1971 regarding the imaginative
®^Loc. cit.
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topic of "Management in the 1980's Revisited."®^ They noted that 
the projections of the impact of the computer made by Leavitt and 
Whisler over a decade ago simply did not appear to be materializing, 
and suggested that the area required some serious restudying.
After progressing in a very brief coverage through a few of the 
chronological predictions and research findings reviewed here, 
they concluded that several factors might be helpful in explaining 
why actual events had proceded relatively slowly.
First, "though technology will likely make most of the pre­
dictions possible, cost and managerial operating philosophies 
will tend to substantially influence the use made of such tech­
nology."^ This point directly supported the ideas of Burlingame 
and Lee, in category III in Figure 6 , and was also in substantial 
agreement with Dearden and Brady, in category XV. It has been 
noted by these and other authorities that the prevailing philosophy 
of top management has had a stronger bearing on the centralization 
vs. decentralization question than computer technology itself.
Hunt and Newell also noted that the type of technology, the 
state of the computer system model developed, and other specific 
organizational characteristics might be expected to alter the 
impact of computerization on management. Although large multi­
firm studies involving many companies with markedly different
i
G. Hunt and P. F. Nexjell, "Management in the 1980's 
Revisited," Personnel Journal. L (January, 1971), 35-43, 71.
Q^Ibid., p. 43.
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characteristics were suggested as being the most valuable for 
developing further extrapolations of the computer's effects, 
analyses conducted on a smaller scale, if the study candidates 
have been carefully selected to include major technological and 
philosophical differences, should provide insights to these 
probable differences in impact. This, then, is what the three 
following case studies involving firms utilizing computers and 
concentrating their predominant operations in production, marketing, 
or finance have sought to achieve.
CHAPTER IV
RESEARCH DESIGN AND METHODOLOGY '
Since the predictions in the recent literature indicate widely 
divergent expectations regarding the impact of the computer on mana­
gers occupying various positions in the pragmatic business environment, 
new comparisons of actual events and theorized conditions are req­
uisite.
The methodology by which this task has been approached attempts 
to discern not merely the general nature of the computer's impact on 
managers, but further, delves into specific influences on particular 
categories of activities for specified groups of managers at different 
levels in each of the case study firms.
The nature of this research design is explained in the following 
section of this chapter. After the basic analytical framework for the 
investigation is discussed, the procedures involved in conducting the 
case studies and in the subsequent analysis of the data are covered 
in the second and third sections.
Nature of Analytical Framework
In order to achieve the detailed data comparisons required to 
support the research hypotheses, a forty-five cell research design 
was utilized. A graphic summary of this analytical framework is pic­
tured in the three-dimensional diagram, Figure 7, on the next page.
92
93
F i g u r e  7
T h r e e - D i m e n s i o n a l  G r a p h i c  R e p r e s e n t a t i o n  
o f  3  x  3  x  5  F a c t o r i a l  D e s i g n  
e £  A n a l y t i c a l  F r a m e w o r k  f o r  R e s e a r c h
R e f i n e r y
l . o w r r  ___
✓ ' C o n t r o l
✓ ' I
R e f i n e r y
M i d d l e   J---------
✓ ' C o n t r o l  |
✓ '
R e f i n e r y  
T o p
C o n t r o l
R e f i n e r y
L o w e r  ,___
✓  ' D i r e c t
J
B o n k
_  ________     L o w e r  __
. ' ' C o n t r o l
✓ ' t
B o n k  I
M i d d l e  J----
✓ ' C o n t r o l  I
S t o r e  
_  „  L o w e r  
. ' C o n t r o l
S t o r e  
. Middle 
,'Control
B o n k  
T o p  —  
C o n t r o l
J-
l
R e f i n e r y  
T o p  —  
D i r e c t
✓ I
R e f i n e r y  J
M i d d l e  ------   4 -
^  D i r e c t  t |
✓
S t o r e
-Tnp
C o n t r o l
T
Rank 
.Lower —- 
'Direct
D a n k  
„  _ Middle. 
✓ ^ Direct
s
B a n k  
• T o p  —  
D i r e c t
T
S t o r e
L o w e r
' D i r e c t
S t o r e  
_  M i d d l e  
✓  ' D i r e c t
R e f i n e r y
J L o w e r _____
I ✓  S t a f f
I ✓' I
R e f i n e r y  
K i d d l e  —
' s t a f f
4 _____
✓
Kolinory
T o p   ___
S t a f f
->— "1--
JBonk
I   . L o w e r  —
✓  ' S t a f f
B o n k  .
_  M i d d l e  4 - -----
✓ ' S t a f f  I
S t o r e  
. T o p  
Direct
R e f i n e r y  
L o w e r  —  
✓  'Organize
|
R e f i n e r y
M i d d l e   ----- , 4 --------
Dank 
. T o p  -  
S t a f f
S t o r e
  L o w e r
✓ 'Staff
✓
S t o r e  
—  M i d d l e  
✓  ' S t a f f
S t o r e
-Top
S t a f f
I
✓  O r g a n i z e
/
R e f i n e r y
T o p   h
Organize
Bank
—.Lower --
. ' O r g a n i z e
B a n k
M i d d l e .
✓ ' O r g a n i z e
s
B a n k
T o p  ------
O r g a n i z e
•4-
J
ss
S t o r e  
, M i d d l e  
O r g a n i z e
S t o r e
L o w e r
'■Organize
1
R e f i n e r y
L o w e r  ---------
✓ ' P l a n
s
R e f i n e r y
M i d d l e -------------------. — .
✓  ' p l a nss
R e f i n e r y  
T o p  . T o p
P l a n  P l a n
I /
Bank 
K i d d l e «-
!
B a n k
L o w e r  —  —  
l^an
S t o r e
T o p
O r g a n i z e
✓ 'plan
✓ 
B a n k
✓✓
S t o r e  
—  M i d d l e  
P l a n
S t o r e  
—  L o w e r  
✓ ' p l a n
✓
S t o r e
Top
P l a n
M a n a g e m e n t  F u n c t i o n s  ( P l a n ,  O r g a n i z e ,  S t a f f ,  D i r e c t ,  C o n t r o l )
L e v e l s  o f  M a n a g e m e n t  ( T o p ,  M i d d l e ,  L o v e r )
C a s e  S t u d y  F i r m s  ( R e f i n e r y ,  B a n k ,  S t o r e )
94
The dependent variable, degree of impact of the computer on management 
activities, was observed as each of three independent variables, in 
turn, was manipulated: (I) functional categories of management
activities, (2) types of firms, and (3) levels of management. These 
independent variables are represented by the three axes in Figure 7.
First, positioned along the horizontal axis, the overall 
universe of business organization types is divided into three groups 
representing the primary "line activities" of business: (1) production, 
(2) marketing, and (3) financial operations. Ralph Davis has asserted 
that all three of these "organic functions" are indispensable for any 
firm.'*' This study, however, analyzed three organizations, of which 
each conducts its predominant efforts in one of these vital areas, 
supplemented by numerous other activities. The business firms rep­
resenting these three categories, respectively, were (1) a petro­
chemical refinery, (2) a full-line department store, and (3 ) a 
commercial bank.
Within each of these organizations, three levels of managers
were viewed separately: (1) top-level executives, (2) middle-level
managers, and (3) supervisory personnel. Defined by position in the
hierarchy of authority in each organization, these three levels are
2
depicted along the oblique axis in Figure 7. As noted previously,
"top management" represents the highest levels of executives, including
^Ralph C. Davis, The Fundamentals of Top Management, (New York: 
Harper and Brothers, Publishers, 1951), pp. 205-213.
2
See Chapter I, Introduction, p. 13.
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those who head primary divisions or departments as well as the overall 
administrators. "Middle managers" include assistant heads of these 
major departments and heads of major groups within them. And "lower- 
level supervisors" include those who manage operative personnel at the
first and second levels of work activity. f
Finally, represented along the vertical axis in Figure 7, the
five basic managerial functions indicated as universal groups of 
management activities by recognized scholars in the field were exam­
ined separately. Although there exist minor inconsequential differ­
ences in opinion concerning which labels these activities should 
receive, the five categorical groupings utilized here were; (1) plan­
ning, (2) organizing, (3) staffing, (4) directing, and (5) control­
ling.3
Evaluating the responses to questions regarding specific areas 
and degrees of severity of the computer's impact on management activ­
ities, the research procedure consecutively manipulated each of the 
three independent variables while holding the other two constant.
This partitioning of the evidence into differences in the impact of 
computerization on management functions for various identifiable 
groups warrants much more specific conclusions than a generalized 
investigation would have permitted.
With the broad nature of the analytical framework now illumin­
ated, the questions of data collection and analysis are considered.
^Harold Koontz and Cyril O'Donnell, Principles of Management: 
An Analysis of Managerial Functions (4th edition; New York; McGraw- 
Hill Book Company, 1968) p. 54. Also, see Chapter II, Review of 
Literature: Part I, pp. 2-11.
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The first, of course, relates to the conduct procedures for the inter­
actions between the researcher and the managers at various levels in 
the three firms studied. The second, then, is concerned with how con­
clusions were derived from the information generated in the data col­
lection stage.
Conduct of Case Studies
The first step involved in conducting the three analyses of bus­
iness organizations utilizing computers concerns the selection of 
particular candidates for participation in the project. Three major 
criteria were considered in this selection process: (1) the nature of
the major business operations (i.e., production, marketing, or finance), 
(2) the utilization of computers and information technology in the con­
duct of these operations, and (3) a willingness and ability of mana­
gers involved to make information regarding operations and computeri­
zation available.
The three specific firms chosen for the research differ sub­
stantially in the relative concentrations of their major operations 
in the three primary "organic functions" described in the literature 
review, with each representing one major type of business activity.
All three firms are widely regarded as leaders in their respective 
fields, both in the overall success of management and in the utili­
zation of computer technology.
In addition, the researcher was personally acquainted with 
individual managers and was also familiar with certain operations of 
all three selected organizations prior to the initiation of the 
research project, either from previous consulting work or from utili-
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zation of these firms* products and services. Initial contacts with 
appropriate managers, in search of permission to conduct the investi­
gations required for this study, brought affirmative responses at all 
three "first choice" candidates for representation of three primary 
types of operations. With certain basic understandings regarding the 
necessity for protection of confidential information secured, the top- 
level executives at all three companies readily agreed to participate 
in the research and strongly supported the effort after inquiry began.
Four basic steps constituted the data collection phase of the 
research study; (1) initial orientation interviews, (2) detailed 
questionnaires, (3) subsequent depth interviews, and (A) company 
reports and documents. Initial interviews with top executives, middle- 
level managers, and lower supervisors served two purposes. First, they 
provided general background information regarding the nature of busi­
ness operations conducted by the three firms. Secondly, they indicated 
specific areas of computer utilization and gave limited insights into 
particular managerial activities which seemed to be affected by com­
puterization. In each of the three firms, one high-level executive 
served as the central coordinator for the research effort. These three 
coordinators, in turn, have offered guidance in determining the number 
of such initial orientation interviews which seemed appropriate, along 
with support in the selection and contact of specific managers deemed 
to be of most likely benefit in getting the investigations started. 
These initial interviews, then, probed broad areas in order to assist 
the researcher in determining which specific aspects of management 
functions warranted subsequent detailed investigation.
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Thus, the first step also served to help develop the second 
phase of the research procedure: the gathering of information through
a questionnaire, exhibited in Appendix A, beginning on page 202. Two 
major types of information were obtained through this instrument of 
interrogation. Part I of the questionnaire is composed of open-end 
questions which sought general information related to the respondent's 
position and the nature of his work, the major effects of computeriza­
tion which he perceived as exerting an impact on his position, and 
some brief insights concerning his observations of the pace of computer- 
fostered change to date as well as his expectations for the future.
Part XI of the questionnaire is more specific and more voluminous, 
consisting of a series of ninety-two data items categorized under the 
headings of the five major functions of management. Some of these 
more specific data probes are subfunctions of the major managerial 
activities, while others inquire about various aspects or conditions 
related to the conduct of these functions.
For the ninety-two data items in Part II of the instrument, the 
respondent was asked to indicate his opinions regarding the effects of 
computerization on a seven-point scale which reflects the ordinal 
degree to which his job has changed (or would otherwise be different) 
as a result of computers. These data items, in turn, are comprised 
of topics found to be most appropriate either in the literature 
review or in the interviews with managers at various levels in the 
three case study firms, including a number of revisions derived from 
limited pretesting of the questionnaire. This pretesting procedure 
consisted of having six managers with whom the initial interviews were
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scheduled review the questions originally formulated, make responses, 
and suggest revisions which seemed appropriate for managers at their 
levels.
Supplementing the administering of the instrument, a series of 
depth interviews between the researcher and managers in positions of 
particular interest because of their interactions with their companies' 
computers served to explain more clearly the roles and impacts of in­
formation technology and computer hardware. Twelve managers whose 
questionnaire responses indicated that their departments' numbers of 
personnel have changed extensively, whose types of work have been mod­
ified significantly, whose levels of authority and importance within 
the firms have been altered substantially, and the like, were selected 
for these interview sessions. Additionally, eighteen managers who did 
not answer the questionnaire provided information through this means.
Finally, various historical documents, computerized reports and 
other printouts, manpower summaries, computer equipment inventories, 
and additional written materials made available from the companies' 
files, served to document the interview and questionnaire information. 
Thus, advantage was taken of opportunities to confirm (or deny) many 
of the "best guesses," personal opinions, indirect observations, and 
so on, derived from the memories of busy executives who were simultan­
eously concerned with current and future business activities.
In the aggregate, a voluminous amount of information was assem­
bled for analysis, although some of it was expressed in terms quite 
difficult to summarize and quantify for inter-group comparisons. But 
considerable numerical information was available for further develop­
ment and evaluation through appropriate statistical procedures.
Evaluation of Information
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Having gained a large volume of data regarding the operations of 
the three case study firms, as well as sampling the viewpoints of dif­
ferent levels of managers as they have formed their unique perspectives 
of the impacts of computers on their functions, these data were ana­
lyzed both statistically and qualitatively.
Some of the information obtained from various interviews was 
much too general and subjective to be quantified to any large extent. 
For example, the underlying background facts for the three firms are 
presented in Chapter V, primarily for the purpose of providing insights 
into the overall operations and extent of computerization for each 
case. These general facts are not examined further, except as they 
relate to specific computer impacts on managerial functions discussed 
in subsequent chapters.
Most of the questionnaire data were quantifiable, however, and 
were analyzed using generally accepted statistical procedures. Two 
categories of statistical techniques were utilized to discover signif­
icant differences and similarities among the forty-five cells of the 
three-by-three-by-five matrix of respondent categories (three firms, 
three levels of managers in each firm, and five general management 
functions at each level), exhibited in Figure 7 on page xxx.
First, a simple tabulation of the data into various arrays for 
initial examination was undertaken. In order to accomplish this task, 
all questionnaire responses and identifying data were reduced to 
punched cards which could be sorted by computer to produce various 
tables, including: (1) frequency distributions for exact responses by
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groups of managers, (2) adjusted distributions reflecting absolute 
degrees of computer impact,^ (3) means and standard deviations,3
(4 ) medians and ranges, and (5) a wide variety of cross comparisons.
These initial tabulations were utilized in obtaining an overview 
of the computer's previous and expected impacts on various managerial 
functions at the different levels in the case study firms. Moreover, 
these tabulations were sufficient in themselves to produce evidence 
to support or refute the first three general research hypotheses 
stated in Chapter I:
1. The advent of the computer has changed certain composite 
activities required for the discharge of managers' 
primary functions.
2. The alterations in the performance of management functions 
which the computer has generated thus far have been 
evolutionary rather than revolutionary.
3. Managers expect the rate of computer-fostered change 
exerted on their primary functions to accelerate.
These tabulations did not produce, however, meaningful tests for
^As indicated in Appendix A, which depicts the questionnaire 
used in the research, the actual seven-point scale has a zero center 
value, flanked by both positive and negative ordinal rankings of 
"slight," "moderate," and "much" levels of computer impact on selected 
items. The adjusted distribution of absolute degrees of computer im­
pact eliminates the distinction between the "more" versus "less" dir­
ections at the three ordinal levels, and views zero as the lower end 
point of the ranking scale. In symbolic terms, the two scales are, 
respectively, (1) -3,-2,-1,0,+1,+2,+3; and (2) 0,+l,+2,+3. The second 
series of rankings, although reducing the overall sensitivity of the 
scale, prevents a cross-cancellation of effects on various items which 
may occur with the seven-point scale,
^These two parametric measures were computed merely as refer­
ence points, and, as explained on page 103, were not used in the sta­
tistical analysis for testing hypotheses.
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uncovering statistically significant differences among groups of man­
agers' responses, subsequently either supporting or refuting the other 
three research hypotheses stated in Chapter I:
4. The magnitudes of compter-induced changes in the 
performance of composite activities vary by category 
of management function.
5. The levels of computer-caused changes in the performance 
of specific management functions vary by type of organ­
ization .
6. The severities of computer-engendered changes in the 
performance of specific management functions vary by 
level of management.
This latter task was accomplished by employing three nonpara- 
metric statistical tests which determine whether independent samples 
(groups of executives differing by firm or level of management) have 
been drawn from populations with the same distribution of responses 
(i.e., whether their views of computer impact on specific data items 
are in agreement). The three procedures utilized in this analysis 
were: (1) the chi-square test for k independent samples, (2) the
median test for k independent samples, and (3) the Kolmogorov- 
Smirnov two-sample test. The technical details of these three statis­
tical tests are summarized in Appendix B, beginning on page 212.
The questionnaire used in the research included a series of sub­
jective rankings of levels of computer impact by various managers who 
may have viewed the magnitudes comprising the response choices some­
what differently. Hence, certain assumptions which underlie a number 
of parametric statistical tests (such as the F test, or analysis of 
variance) which might be appropriately applied if the response choices 
were not subject to such subjective evaluations, are not valid in this
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research design.^
These data, accordingly, must be regarded as "ordinal" rather 
than the objectively measurable "interval" or "ratio" rankings.^
In other words, each manager has reflected his personal view of the 
degree of computer impact for a particular data item based on his 
unique interpretation of the seven-point scale provided on the ques­
tionnaire, rather than attempting to measure precisely the levels of 
severity of computer impact in such a manner as would be required for 
obtaining fixed relationships among choices.
The chi-square test provided a low-power method for the initial 
statistical screening of the data. While only a relatively small 
number of significant differences would be expected from this device, 
the results should indicate whether such statistical variations defin­
itely exist. Moreover, they could suggest that the stronger median 
test should confirm more numerous cases in which the responses of one 
group of managers regarding the severity of impact of the computer on 
their primary functional activities are dissimilar from other groups'
^Sidney Siegel, Nonparametric Statistics for the Behavioral 
Sciences (New York: McGraw-Hill Book Company, 1956), pp. 18-34.
-*An "ordinal" scale is one which permits a simple ranking with 
respect to an attribute (e.g., least-to-most, etc.), with no attempt 
to indicate exactly how much in an absolute sense.
An "interval" scale accomplishes not only the rank ordering 
of items, but also indicates how far apart they are from one another 
in a relative sense. It does not, however, provide any information 
about the absolute magnitude of an attribute for any one object.
A "ratio" scale provides both the rank order and the relative 
intervals, and additionally, requires that the distance from a rational 
zero be known for at least one of the items. Hence, relationships re­
main invariant for all transformations of multiplication of the scale 
by a constant, with absolute magnitudes maintaining constant ratios.
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views of computer effects on the same activities. Both of these tests 
make simple comparisons of actual frequency distributions with inter­
nally-calculated "expected frequencies" and were applied to the ninety- 
two separate questionnaire data items related to the five major cate­
gories of management functions.
In order to conform to the constraints on cell size accompany­
ing these two statistical tests, the data were "collapsed" in two ways:
(1) the four-point adjusted scale for responses previously discussed 
was substituted for the original seven-point scale; and (2) rather than 
viewing each of the nine groups of managers separately, two applica­
tions of each test were made, using the type of firm as the independent 
variable on the first run, and substituting the level of management as 
the independent variable on the second run. The underlying assumptions, 
constraints, and application procedures for these two tests are ex­
plained in detail by Sidney Siegel in his Nonparametric Statistics 
book, and are summarized briefly in Appendix B, beginning on page 212.
The Kolmogorov-Smirnov test, while more powerful in its ability 
to reject an unwarranted hypothesis than the chi-square and median 
tests, required the "collapsing" of the ninety-two separate data items 
into the five overall functional groups in order to draw meaningful 
conclusions from comparisons of the responses made by the various 
groups of managers. As explained succinctly by Siegel and summarized 
in Appendix B, this test employs the comparison of two cumulative
^Siegel, op. cit., pp. 175-184.
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distributions calculated from the relevant samples, and is quite
sensitive to any differences in dispersion and skewness as well as
7
central tendency among groups of responses.
In order to apply these three nonparametric statistical pro­
cedures, the second triad of research hypotheses, noted on page 1 0 2, was 
expressed in terms of "null hypotheses" which were subjected to re­
jection analysis. These three null hypotheses, as restated, are:
4. There is no difference between the magnitude of 
computer-induced changes in the performance of one 
category of management activities and the changes in 
other functions for the same group of managers.
5. There is no difference between the changes in per­
formance of specific management functions in one 
type of organization and the changes in those same 
functions in other types of organizations.
6 . There is no difference between the changes in per­
formance of specific management functions at one level 
of management and the changes in those same functions at 
other levels of management.
Statistically significant differences in the data generated in 
the case studies would allow the rejection of these three null hypo­
theses in favor of acceptance of the alternative research hypotheses. 
This statistical "region of rejection" was partially determined by 
the "level of significance" selected. It was felt that if a given 
null hypothesis could be rejected with a ninety-five percent degree of 
confidence that differences in the data from the three firms studied 
were not merely the result of chance variations, there then existed 
sufficient evidence to accept the alternative research hypothesis. 
Hence, a "level of significance" of 0.05 (probability of five percent
bid.. pp. 127-136.
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or less that the null hypothesis will be rejected when it is true) 
was used in this research analysis to determine which hypotheses 
should be accepted or rejected.
After the general descriptions of the three firms participating 
in the study are presented in the following chapter, the data 
collected from these organizations are analyzed in Chapters VI and 
VII. The former presents the results of the statistical procedures 
just discussed, in support of the six research hypotheses. The 
latter, then, provides further insights into the specific areas of 
computer impact which are related to the broad patterns disclosed in 
Chapter VI.
CHAPTER V
CASE STUDIES OF THREE DIVERSE FIRMS
Three business firms which are leaders both in their individual 
fields of endeavor and in computerization comprise the reservoir of 
experience from which empirical evidence is extracted and analyzed. 
Although the operations of each firm are described as accurately as 
possible, anonymity has been promised and certain actual data must 
accordingly be disguised enough to preclude the release of competi­
tively protected information in the event of identification.
The three participants selected are intended to represent the 
"primary line activities" or "organic functions" of business enter­
prise, as described previously: production, marketing, and finance.
The first, one of the largest petroleum and derivative-chemicals 
refineries in the world, embodies all of the complexities of a very 
complicated production-oriented organization. Representing the mar­
keting category is a full-line department store, one of the larger 
units of a well-known national chain which sells a wide range of 
products and services through retail stores and catalog outlets. And 
providing insights into the management of intricate financial opera­
tions is the main office of a thirteen-branch bank corporation which 
is one of the two largest commercial banks in a moderate-sized indus­
trial city.
Of course, all three firms are engaged in a complete mix of
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business activities, each including not only all three "organic 
functions" but also numerous supportive efforts. Each firm does, 
however, seem to have within its realm of operations, one predominant 
concentration. If any major differences in the effects of computers 
and information technology do result from their application to dis­
similar line activity orientations, these particular case study 
subjects may exhibit such phenomena.
In the final analysis, of course, each case must be regarded as 
the unique entity it is. The experiences and observations related in 
this study do suggest certain generalities, which are subject to 
further testing. Certainly, they offer three diverse perspectives 
from which to view the effects of computerization on management 
functions in firms which face dissimilar environmental opportunities 
and challenges, each related to its own particular interactions with 
technology and society.
The three major sections of this chapter describe the basic 
operations, managements, and usage of computers in each of the case 
study firms. Evidence of leadership in their respective fields of 
production, marketing, and finance is provided through the citing of 
specific examples of innovations which they have developed. The pre­
vailing management philosophies are explored and reflected through 
certain major policies, authority structures, and the like.
A brief historical development of computerization in each firm 
is recounted, including descriptions of computer equipment and data 
processing systems utilized to empower the primary areas of appli­
cation. Finally, current plans regarding future computer efforts-- 
purchases of new hardware, development of programming software
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systems, and expansion of areas of application--serve Co establish a 
basis for projecting future impacts of computers.
Petro-Chcm Refinery 
PRODUCTION OPERATIONS AND MANAGEMENT
Petro-Chem Refinery-*- is a major processer of petroleum and its 
derivatives, engaged primarily in two types of operations: (1) refin­
ing crude petroleum to produce a wide array of fuels, distillates, and 
specialty products, and (2) subsequently processing certain refinery 
products to manufacture several hundred types of petroleum derivatives 
in the chemical plant portion of the complex myriad of•production 
activities. A greatly simplified processing flow plan is illustrated 
in Figure 8 on the following page.
Raw crude oil is broken down into major components by "boiling" 
in massive processing units known as "pipe stills." The lighter 
components are further refined to produce such products as liquified 
petroleum gas (LPG) and various aviation fuels. The heaviest 
residuum is developed into a variety of products including waxes, lube 
oils, greases, asphalt, and coke. The wide array of intermediates 
are subsequently refined to produce fuels of various types, solvents, 
heating oils, and, after additional processing in the chemical plant 
complex, diverse alcohols, ethers, synthetic rubbers, and products to 
be used in the chemical industry.
Disguised company name and some background data were obtained 
fr'om an earlier study conducted at the same organization. See Robert
S. Adams, "The Effects of Information Technology on Management and 
Organization " (Ph.D. dissertation, Louisiana State University, 1965).
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The simplified flow chart does not portray a large number of 
processing units which require meticulous coordination because of 
their complicated interactions. Refining is accomplished on a con­
tinuous basis, with the effects of minor problems occurring in one 
part of the system frequently being magnified many times as their 
influences are exerted throughout the total system. Hence, planning 
and control constitute two extremely important management functions 
at the Petro-Chem Refinery.
The Pctro-Chem international parent corporation has long been 
recognized as a leader in petroleum technology, and the particular 
refinery studied in this research has pioneered in a number of specif­
ic technological innovations, including, for example, the installa­
tion some thirty years ago, of the first full-scale fluid catalytic 
cracking unit ever built. As a result of such efforts, its produc­
tivity records indicate a doubling in the volume rate of crude 
petroleum processed during the last twenty years, now amounting to 
over 400,000 barrels per day.
Simultaneously, the total number of employees working at Pctro- 
Chem has been substantially reduced in recent years. While the re­
finery's payroll in the 1950's included some 6,000 personnel (ap­
proximately 2,000 management and staff, 4,000 operative), today's 
much larger refinery operations require fewer than half of this 
number (approximately 1,000 management and staff, 1,700 operative). 
Executives and employees at all levels attribute this large manpower 
reduction to technology and automation, largely made possible by 
computers.
The refinery started its operations over sixty years ago, and
for thirty years was not engaged in chemical processing at all. Since 
that time, the operations at the site studied have progressed through 
three stages, commencing with the addition of a chemical products 
division, subsequently separating into two plants (although located 
together), and finally, dividing into two separate companies pursuing 
their activities with some joint facilities and other distinctly 
separate ones. The operations and managements of the refinery and 
chemical plant are now totally separate, as are most of the processing 
units, despite their close proximity to each other. When circumstances 
dictate the advisability of joint efforts, including for example, the 
use of the same office buildings, computers and liDP staff, etc., 
accounting allocation provides for the complete separation of inter­
ests .
The study currently conducted is specifically concerned with the 
refining operations and management, with a concentrated effort being 
made not to include data resulting from the complementary chemical 
processing operations and management. This approach is greatly 
facilitated by the recent split into two distinct companies, which 
eliminates the need for the careful segregation of data required for 
accurate appraisal of the combined operations of earlier years.
Management at Petro-Chem has consistently been a superior group, 
serving as a primary source of candidates for promotion into the top 
management ranks' at both national and international corporate head­
quarters. The prevailing philosophy has been strongly oriented 
toward decentralization of authority, accompanied by frequent trans­
fers and promotions from within, in order to develop a widespread 
appreciation and understanding of the "total picture" on the part of
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rising executives. Petro-Chem's top management has also been heavily 
dedicated to the use of technical and business-oriented staff groups, 
with fairly frequent transfers of managers between line and staff 
activities, as opposed to the maintaining of one constant point of 
view for each individual analyst, engineer, supervisor, or executive.
DEVELOPMENT OF COMPUTERIZATION
Just as Petro-Chem has been a recognized leader in technological 
developments in petroleum processing, it has also sought to be among 
the first to use sophisticated business machines as they have emerged. 
In fact, on several occasions, Petro-Chem has specifically partici­
pated in joint efforts with computer manufacturers in the development 
of new EDP equipment specially tailored for the petroleum industry.
By the late 1930's and early 1940's, much of the routine ac­
counting and clerical work had already been mechanized with punched 
card tabulating equipment. As electro-mechanical, and later, 
electronic computing devices were developed in the late 1940's and 
early 1950's, Petro-Chem was quick to capitalize on these advances.
Recognizing that it had derived cost reductions close to the 
maximum benefit possible from its use of punched card equipment on a 
largely departmental basis, Petro-Chem conducted a feasibility study 
in 1955 to examine the potential of the new IBM 650 computer, the 
first such machine generally available for economical commercial use. 
Top management was convinced that the refinery should lead the way in 
computerization, and placed orders for two of these machines. In the 
following year Petro-Chem installed the first IBM 705 computer ever 
used in the petroleum industry--also, incidentally, one of the first
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in the world.
The IBM 705 permitted great strides in expanding the benefits 
of information technology from the accounting and clerical areas pre­
viously regarded as the main focus of application, to the broader 
realm of assisting in a number of interrelated technical engineering 
and production functions. It was recognized that the integration of 
computing systems should enable much greater efficiency. Accordingly, 
an "Electronic Data Processing Machines (EDPM) Master Plan" was 
developed in 1956 to facilitate the optimal crossing of departmental 
lines to derive this desired integration.
The EDPM Master Plan included seven major projects, which 
are summarized briefly in Figure 9 on the next page. These projects, 
developed by a special study group within the Accounting Department, 
which first housed the young computer effort, really represented a 
package of components each related to a specific need. Five of them-- 
Projects P, M, A, F, and E--went into effect using the IBM 705 com­
puter in 1956, while the implementation of Projects 0 and S occurred 
in 1958 as Petro-Chem was in the process of converting to a new IBM 
7074, a machine of much greater sophistication.
Although the computer hardware and programming software were 
continually expanded and refined, the EDPM Master Plan remained the 
basic guiding framework for computerization for the next decade.
Among the major equipment additions and changes experienced 
during this period were: (1) purchase of two General Precision LPG-
30 computers in 1956 to calculate optimal proportions for motor 
gasoline blends using linear programming techniques, (2 ) field con­
version doubling the amount of core memory of the IBM 705 in 1957,
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Figure 9
The EDPM Master Plan 
Petro-Chem Refinery
Project P--Payroll and Personnel Prolect M--Motcriol and Stores
1. Education Reports I. Analyses and Reports
2. Employee Benefits Administration 2. Automatic Purchase Ordering
3. Labor Distribution 3. Central Tool Control
4. Locker Identification Records 4. Domestic Research Company
5. Manpower Scheduling Inventory Control
6. Medical Records 5. Invoice Verification
7. Pay Rule Administration 6. Material Distribution
8. Payroll Deductions and Checks 7. Payable Checks Handling
9. Payroll Tax Reports 8. Purchase Follow-up
10. Personnel Statistics 9. Stock Level Control
11. Retirement Income Computations 10. Storehouse Issues and Receipts
12. Safety and Training Records
13. Service and Seniority Records
14. Timekeeping Records Prolect 0--Pperations Analysis
1. Inventories
Prolect A--FLxed Assets 2. Laboratory Data
3, Material Balances
1. Annual Reports 4. Meter and Caugc Calculations
2. Appropriation Control 5. Miscellaneous Statistics
3. Construction Close-Outs 6. Operating Data
4. Construction Records and Reports 7i Utilities and Chemical Distribution
5. Depreciation Calculations
6. Plant Catalog
7. Plant Ledger Prolect S — Soles and Shipping
8. Plant Records
9. Retirements and Transfers 1. Bf11s of Lading
2. Invoices
3. Order Records
Prolect F--FInancial and Cost 4. Package Inventory Reports
5. Sales Statistics
1. Code Checking and Translation 6. Shipping Papers
2. Cost Allocation 7. Shipping Schedule
3. CosL uiul Financial Analysis
and Reports
4. Cost Distribution Entries Prefect E--Secondarv Reports
5. General Ledger
6. Voucher Register 1. Multi-Project Reports and Analyses
2. Off-Frcquency Reports
3. Short and Off-Sequence Reports
Adapted from Robert S. Adams, "The Effects of Information Technology on Management and Organization 
[at Petro-Chem RefineryJ"(Ph.D. dissertation, Louisiana State University, 1965),pp. 18-19.
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(3) release of the two IBM 650's in 1957 and 1958 after the transfer 
of most technical work either to the IBM 705 or to an out-of-state 
larger machine handling work for several of the sister refineries at 
a central location, (4) installation of two IBM 1401 auxiliary computers 
in 1961 for buffering work on the IBM 705, (5) replacement of the 
slower and less reliable LPG-30's by an IBM 1620 in 1961, (6 ) replace­
ment of the IBM 705 by a larger and more flexible IBM 7074 in 1962,
(7) release of the two IBM 1401.'s in 1963 and 1964, with replacement 
by a faster IBM 1460, (8) replacement of the IBM 1460 by an IBM 360/
30 in 1966, and finally, (9) replacement of both the IBM 360/30 and the 
IBM 7074 in 1967 with the integrated package of an IBM 360/40 and an 
extremely powerful IBM 360/65.
The advent of the IBM 360 series of computer systems made the 
ultimate goal of total integration of information processing systems 
using a "data base" concept more realistic. As interpreted by Haynes 
and Massie, the terms "data base," "data bank," and "data library" are 
used to refer to the situation,
in which large volumes of information are deposited and 
catalogued so that they are quickly accessible to compu­
ters. The extreme case of a data library is a computer 
storage into which every organizational transaction is 
stored. In this case, any analysis or set of reports 
could be reproduced on. rather short notice,^
While Petro-Chem1s goals are not currently quite so ambitious as this
extreme case, far-sighted members of the Mathematics, Computing
and Systems Department are definitely looking in this direction.
^W. Warren Haynes and Joseph L. Massie, Management: Analysis,
Concepts and Cases (2nd ed.; Englewood Cliffs, New Jersey: Prentice-
Hall, Inc., 1969), p. 680.
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Since its early years of experience with computerization, the 
EDP group has risen from its initial position within the Accounting 
Department to the status of a major staff department reporting direct­
ly to the Refinery Manager. This reflects recognition of the expan­
sion of the scope of the group's effort from the accounting and 
clerical tasks first computerized to the ultimate utilization of 
computers in assisting executives to manage the entire business.
Four interrelated information systems will comprise the "Total 
Information System" of the future, pictured in Figure 10 on the follow­
ing page. Programming effort to convert from the present modified 
EDPM Master Plan has now been in progress for a number of months. The 
complex package of software required to make the integrated systems 
operational is expected to be completed by 1975, with various phases 
"coming on-stream" as soon as possible. The Personnel System, for 
example, should be in effect this year since the changes from Project 
P (Payroll and Personnel) under the old EDPM Master Plan are not 
nearly as massive as those required to convert, alternatively, Pro­
ject 0 (Operations Analysis) to provide the necessary inputs for the 
Operations Monitoring and Analysis System. Portions of the new Equip­
ment System are relatively easy to convert, but as Figure 10 depicts, 
the Mechanical Cost Control phase is, highly interrelated with the 
Financial and Personnel Systems.
Although the specific impacts of the old EDPM Master Plan and 
the anticipated Total Integrated System on specific management func­
tions are discussed in later chapters, three general guidelines fol­
lowed by Petro-Chem in designing the new system should be noted at 
this point:
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Figure 10
Integrated Information Systems 
Petro-Chem Refinery
PEOPLE 
Personnel System
■ OPERATIONS
Operations Monitoring 
and Analysis 
System
Payroll & 
Manpower 
Scheduling
Technical
Analysis
Refinery 
Optimization 
& SchedulingMechanical 
Manpower 
Allocation 
& Control Lube 
Scheduling
DOLLARS 
Financial System
Order 
HandlingMechanical 
Cost 
Control
Mech, / \ Profit/
Cost / \ (Loss)
Control / Cont. \ Analysis
Costs
Fixed
Assets
Mechanical 
Cost 
Control Equipment
History
Real Time 
Materials
EQUIPMENT
Equipment and 
Materials System
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(1) Capture data Input to the system one time as close as 
possible to the source of the data.
(2) Create a central, generalized basic data storage file 
for each functional area in the refinery which will 
satisfy all needs for that type of data.
(3) Support Management by Exception by providing on a 
routine basis only the minimum data required to mon­
itor the business and by responding quickly and ef­
ficiently to nonroutine requests for information which 
is required to analyze a problem more closely,
fiy striving to adhere to these guidelines, the EDP planning
staff in the Mathematics, Computing and Systems Department hopes to
overcome several basic limitations inherent in the present EDPM
Master Plan, as expressed recently by the manager of this department:
The EDPM Master Plan handles routine collection and 
reporting of information quite efficiently. However, 
because the components of the system are designed 
for specific needs, the response to nonroutine requests 
for information has frequently been unsatisfactory.
The system has been especially inflexible when data 
from more than one program are required to fill a request.
With the new "total system" being established using the more sophis­
ticated concepts already described, these limitations of the old EDPM 
Master Plan should be alleviated. Petro-Chem's managers at all 
levels express eager anticipation of highly beneficial results.
Full-Line Department Store 
MARKETING ACTIVITIES AND LEADERSHIP
The main branch of Full-Line Department Store is the largest 
retailing institution located in a metropolitan area with a population 
of over 300,000 people. Offering a very wide range of consumer 
services and soft and durable products, both through its retail store 
facilities and through its catalog outlet, the total sales for Full- 
Line now average well over $15,000,000 annually. Although there are
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also several associated satellite stores and catalog offices with 
sales amounting to another several million dollars each year, these 
branch outlets are not included in the current study.
Figure 11 on the following page presents in summary form a rep­
resentative sample of the products and services which account for Full- 
Line's retailing success. Four major semi-autonomous sales categories 
encompass most of the items available, supplemented by a number of 
other miscellaneous goods and services: (1) Hard Lines Division,
(2) Soft Lines Division, (3) Automotive Center, and (4) Catalog Center,
The various departments within the Hard Lines Division account 
for relatively large portions of Full-Line's sales because of their 
comparatively high unit prices. Also, the items sold by this division 
are frequently purchased in large volumes by commercial buyers in 
addition to individual consumers. Although no quantitative measures 
can be released, the credit aspect of sales brings in a substantial 
revenue itself, over and above the profits on original sales. This 
factor has become increasingly important in recent years as discount 
chains have narrowed profit margins on the sales of goods and services 
themselves. Although certain major promotional events are coordinated 
throughout the store, each division manager has considerable latitude 
in decision making.
Full-Line's national parent corporation owns and operates the 
largest retailing department store chain in the United States, along 
with associated business activities outside the country. There are 
over 900 stores in the total organization, which together achieved some 
$10 billion in sales during the past year. An annually compounded 
growth rate of over eight percent on both sales and net income has
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Figure 11
Major Sales Categories 
Full-1.ine Department Store
Hard Lines Division
Major Household Appliances
Air Conditioning and Heating 
Units and Systems
Furniture and Accessories
Entertainment Items
Television, Radio, etc. 
Sporting Equipment
Building Supplies
Construction Materials 
Tools and Hardware 
Installation Services
Gardening and Agricultural 
Supplies
Equipment and Tools 
Portable Buildings
Automotive Center 
Replacement Parts 
Tires and Tubes 
Accessories 
Repair Services 
Performance Test Equipment 
Maintenance Products 
Gasolines, Oils, etc. 
Motorcycles and Supplies 
Utility Trailers
Soft Lines Division
Fashion Clothing and Accessories
Extensive Staple Clothing Lines
Fabrics and Yard Goods
Sewing Accessories and Notions
Home Furnishings
Curtains, Drapes 
Carpeting'
Bedding
Small Household Appliances
Household Supplies
Photography Equipment
Jewelry
Books, Records, Stationery 
Office Supplies and Equipment 
Sporting Items 
Health Care Items
Catalog Center
Almost All Items Available 
in Store
Many Additional Items 
Special Order 
Seasonal Goods 
Intermediate Lines
Home Delivery Services
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been derived by the national corporation over the past ten years, and 
the Full-Line store under study in this research has exceeded both of 
these rates.
All of the local branches, including the main store, are under 
the control of a group manager, but each store also has its own indi­
vidual hierarchy of authority. It is the management and operations 
of the primary store only, as affected by computerization, which are 
the concern of this research.
This Full-Line store is one of the moderately larger units of the 
national chain, comprised of some fifty departments operated by approx­
imately 1,000 employees. The general situation of relatively mobile 
full- and part-time sales personnel, high turnover, and resulting ex­
tensive needs for continuous training, keeps Full-Line's supervisors, 
like those of other similar organizations, quite busy with staffing and 
directing functions.
Higher level managers appear to devote relatively more time to 
planning and controlling activities than those at lower levels, but 
the semi-autonomous sales divisions do not require the meticulous 
coordination effort which characterizes the management of the highly 
interdependent processing units at Petro-Chem Refinery.
Similar to Petro-Chem's reputation regarding its leadership in 
innovations related to Its primary "organic function" of production 
processes and related technology, so has Full-Line Department Store 
long been regarded by its competitors as setting the pace in market­
ing developments, both nationally and in the specific community.
Various types of promotion campaigns and store display and sales 
techniques have been tried first at Full-Line and have proven so
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successful that other firms are emulating these innovations. Parti­
cularly attractive to the consumer public, for example has been the 
use of a universally applicable sale "coupon" to be redeemed by a 
customer for a discount price on any item of his choice. The general 
strategy is embodied in a phrase to the effect, "You tell us what to 
put.on sale!" Potential buyers usually seem to be able to choose from 
among a number of wants and desires, with the primary emphasis devoted 
to the question of, "Which item do I want most?" rather than the 
fundamental thought, "Do 1 really need anything at all?"
Also similar to the Petro-Chem Refinery situation, Full-Line 
Department Store and its national parent retailing corporation evidence 
a strong managerial philosophy favoring decentralization. The current 
research observations indicate that fulfillment of this philosophy is 
achieved even more completely at Full-Line than is possible at Petro- 
Chem. Probably this is true because the semi-autonomous departments 
in the store do not have to be coordinated quite as inseparably as is 
true for the refinery, which must act within the constraints of the 
definite flow of its production processes.
■*
ELECTRONIC DATA PROCESSING EFFORTS
Full-Line Department Store does not have a computer for its 
individual on-location use, but instead, shares an electronic data 
processing system at the regional headquarters which services all of 
the other sister stores in an area covering several states. Because 
there are over 900 stores in the national chain, Full-Line's parent 
corporation does not view an extensive decentralized network of 
computers as being feasible in the foreseeable future. It is likely,
however, that Full-Line will eventually have sophisticated input - 
output terminals which will provide much better access to the regional 
computer system than is now the case.
Computerization in the Full-Line organization has been more 
recent than that of the Petro-Chem Refinery. The present scale of 
electronic data processing is only moderate, with a limited number of 
activities having been programmed for the regional IBM 360/50 main 
frame, Control Data 915 Scanner System, and complement of peripheral 
equipment. Through a gradual transition over the past several years, 
the current computer system has replaced several original units in 
the IBM 1400 series of equipment.
The first function which was adapted for electronic data process­
ing was the work of Full-Line's territorial fashion centers. The 
rationale for this decision was quite the opposite from the usual 
approach of programming first those routine clerical activities which 
appear to reduce manpower needs most. Full-Line's top management 
felt, on the other hand, that fashion items represented a highly 
volatile and profitable aspect of the retailing business, and that 
the best possible decisions related to this high-return area should 
be sought before computerizing routine tasks.
Other activities have subsequently been programmed on the largely 
piecemeal basis which typifies most computerization efforts. Such 
clerical operations as payroll, customer credit, and accounts payable 
have been accomplished by computer-aided procedures for several years. 
Relatively new applications revolve around inventory control activities 
quantity counts, order processing, shipping notice completion, etc.-- 
primarily for store ordering and customer catalog transactions rather
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than for consumer purchases in the retail store. Plans are currently 
being studied for the expansion of this limited inventory control 
system to include all retail store transactions through the use of 
special sales registers which will record needed information in com­
puter readable form. Thus, goods can automatically be reordered for 
individual sales departments as registers calculate sales quantities 
and complete stock replenishment forms.
Several of Full-Line's managers have noted that computerization 
has actually restricted and slowed the availability of operating in­
formation which was previously available to them faster. This results 
from the fact that paper tapes currently punched in the store are 
mailed to the regional computer center, processed, and returned by 
mail to the Full-Line store on a daily basis. Plans for the future 
include on-line input-output terminals in appropriate stores. When 
this occurs, Full-Line will undoubtedly gain faster access to the 
information processing it needs within its own store, as well as 
assuming additional responsibilities for assisting the satellite 
branches in handling their data processing input-output needs.
Full-Line data currently available stress the needs for main­
taining flexibility and holding computerization costs to reasonable 
levels in the immediate future rather than attempting to accomplish 
the bold "total systems approach" requiring the data base concept for 
which Petro-Chem is now striving. As Full-Line's Store Comptroller
explained in a recent interview:
There are just too many store locations in the Full-Line 
chain to permit us to consider a highly decentralized 
system of on-location computers. Can you imagine what the 
staggering costs 900 of the smallest machines available 
would amount to? And, in addition, the tasks of training 
operators and maintaining the units would be of almost
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fantastic proportions. No, Full-Line will just have to 
seek other answers to its growing data processing needs.
Remote access terminals seem to be the best bet as we 
now view the situation.
Thus, the computer-related problems facing managers at the 
Petro-Chem Refinery and Full-Line Department Store are largely dis­
similar. The resulting steps being taken to utilize canputers and 
information technology most effectively are also divergent, and it 
seems likely that although certain impacts on managerial functions 
in both firms are parallel, some prominent differences should also 
emerge. A third case study, that of a commercial bank, provides a 
vehicle for obtaining a third perspective of computerization and its 
effects on management functions.
Com-Serve Bank
FINANCIAL SERVICES AND ADMT.NI STRATI ON
Com-Serve Bank is a full service commercial bank, holding 
deposits of almost $200 million and total assets of approximately a 
quarter of a billion dollars, while serving an industrialized area 
with a population of over 200,000 people. Com-Serve is located in a 
branch-banking state, and the organization under study in this case is 
the main office of a chain of thirteen full service locations which 
are spread across the county.
Com-Serve offers to its commercial, individual consumer, and 
correspondent bank customers a wide range of services, including not 
only the traditional banking functions, but also a number of data 
processing and related specialized services. Included among the
many traditional banking functions are demand deposits, savings, and 
time certificate accounts; personal, commercial, and real estate loans 
trust services such as portfolio management, administration of estates 
and supervision of testamentary successions; safety deposit facilities 
and numerous others. Major data processing services include mailing 
list printouts, complete payroll handling, inventory and cost controls 
plant maintenance accounting, and the servicing of accounts receiv­
able, accounts payable, etc. for commercial customers.
The Data Processing Department, in addition, offers both pre­
designed software packages and specially tailored systems analysis 
for commercial customers which have their own computer hardware. The 
marketing effort for these new developments is quite intense, and 
several highly successful software packages have been purchased by 
other banks located in distant parts of the country.
Other notable functions of Com-Serve include the servicing of 
a national inter-bank credit card for its own customers and for a 
number of other participating banks, on a franchise basis. In addi­
tion, Com-Serve Bank provides many essential services for its growing 
complement of correspondent banks.
The volumes of total deposits and assets held by Com-Serve have 
almost quadrupled in the last ten years, and have more than tripled 
since the bank purchased its first IBM 1401 computer in early 1963. 
This growth rate represents much more impressive progress than that of 
most of Cotn-Serve's competitors in the area, and a clear concensus of 
the bank's managers feel that the accounting required and the other 
details involved in servicing the rapidly expanding clientele simply
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could not be accomplished without the use of electronic data processing 
equipment, 'l'he alternative would be an almost unmanageable number of 
bookkeepers and other clerical personnel.
As is the case for the other two firms studied, Com-Serve Bank 
is widely regarded as an innovator in its primary functional concen­
tration of financial activities. One typical example of Com-Serve's 
leadership in the development of banking services is its arrangements 
with several of the large industrial plants and other major employers 
in the area to credit payroll amounts to customers' accounts auto­
matically, with no need for the printing of payroll checks and sub­
sequent distribution, depositing, clearing, and returning to issuer. 
Essentially, each participating employer sends a listing of payees and 
amounts for the payroll period, and the total is withdrawn from the 
company's account for deposit in the employees' individual accounts.
Another special service is the provision for the automatic 
paying of monthly bills for certain utilities and other purchases of 
goods or services from participating firms. This process is the 
reverse of the former, with small amounts being deducted from num­
erous individual customer accounts and the total subsequently being 
credited to the appropriate companies' accounts.
Other special services introduced by Com-Serve include auto­
matic loan and savings procedures for customers who maintain demand 
deposit accounts. The national inter-bank credit card was the first 
one introduced in the community, and after viewing Com-Serve's suc­
cess with this service, several other banks have begun to offer a 
competing inter-bank card. Com-Serve's observations indicate that 
its competitors are now also beginning to attempt to develop data
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processing services in order to capitalize on the eager market which 
Com-Serve has demonstrated to exist.
COMPUTER APPLICATIONS INSTITUTED
Com-Serve's computerization efforts have grown substantially 
since the use of electro-mechanical accounting machines in the 1950's 
and early 1960's. Its first computer main frame, purchased in 
February of 1963, was an IBM 1401, to which was added an IBM 1412 
MICR (Magnetic Ink Character Recognition) sorter, along with four 
IBM 7330 tape drives, input-output devices, and a small complement 
of other peripheral hardware. In the fall of 1964 a second IBM 1401, 
along with four additional IBM 7330 tape drives and some other smaller 
pieces of equipment were added.' This hardware sufficed until March 
of 1967, when the first IBM 1401 computer was. replaced by an IBM 1460, 
accompanied by magnetic disc packs to expand the capacity of the tape 
drives. In the spring of 1968, both the remaining IBM 1401 and the 
IBM 1460 were replaced by two IBM 360/30 computers with additional 
magnetic disc packs, a more modern IBM 1419 MICR sorter, and various 
other pieces. Several small changes in computer hardware have been 
implemented in recent months, while the two IBM 360/30’s have been 
retained. Com-Serve soon expects, however, to replace this dual 
system with a single IBM 360/40.
Closely paralleling the situation in the Petro-Chem Refinery, 
the status and importance of Com-Serve Bank’s original one-man com­
puter department has risen to the extent that the Data Processing 
Manager is of vice presidential rank and reports to the President.
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Although the initial computer applications at Com-Serve Bank involved 
repetitious clerical and accounting operations, the scope has now 
expanded to include applications for almost all major departments.
In addition, the data processing work for Coin-Serve represents only 
about sixty percent of its efforts, with the remainder being performed 
for outside commercial customers. It is the in-bank applications, 
however, which are of primary importance in this study. These, of 
course, are the ones through which the computer may exert its effects 
on managers at various levels.
The major in-bank functions which have been computerized are 
served by the ten primary output reports depicted in Figure 12 on the 
next page. Almost all major departments except Commercial Loans and 
Real Estate, both of which are characterized by relatively low 
volume of transactions, along with Proof, which requires extensive 
conversion work, contribute computerized data for the bank's General 
Ledger system. On a daily basis, after minor adjustments for such non­
computerized inputs, the total picture of Com-Serve's activities is 
available in output report number one. Subsequently, the other 
major reports, supplemented by numerous special departmental and 
branch comparisons and other special types of printouts, enable 
Com-Serve's managers to make timely and accurate operating decisions. 
Aside from special projects and this general information for manager­
ial decision making, the thrust of most of Com-Serve's computerization 
at the present time involves application to tedious and time-consuming 
clerical activities. A highly visible symbol of the resulting benefit 
has been the elimination of the old Bookkeeping Department, which once
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employed over fifty people.
Number
1
2
3
4
5
7
8 
9
10
Figure 12
Primary Computer Reports 
Com-Serve Bank
Name
General Ledger 
Trial Balance
Balance Sheet (Total Bank*)
Branch Balance Sheet
Summary Statement of Earnings 
(Total Bank*)
Detail Statement of Earnings 
(Total Bank*, by Branches, 
and by Departments)
Monthly Expense Detail
Vendor Analyses
Cash Short and Over
Executive Expense Report
Frequency 
Daily 
Daily 
Daily 
Mon thly 
Monthly
Monthly
Monthly
Monthly
Monthly
Monthly
*Total Bank includes all thirteen branches of Com-Serve Chain.
Major goals for computer progress in the relatively near future 
at Com-Serve Bank are expected to culminate in an on-line, real-time 
•'total system."' In this case the reason for desiring such a system 
results largely from the desire to provide immediate responses to 
customer questions regarding account balances and the like, rather 
than the need for close monitoring and control of a highly inter­
dependent flow of operating processes which characterizes the Petro-
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Chem Refinery situation. Although Com-Serve's branches and corres­
pondent banks currently have to send data to the main office via 
messenger for processing, it is anticipated that the future will 
bring remote input-output terminals to these dependent locations, in 
a situation similar to that sought by the Full-Line Department Store 
chain, with its geographically separated stores gaining access to the 
regional computer center.
Although both Petro-Chem Refinery and Full-Line Department 
Store plan to use computers in the furthering of their philosophies of 
decentralization of authority, middle and lower level managers at the 
Com-Serve Bank feel that the "important decisions" probably will 
always be made by those in the highest echelons, as is the tradition 
in the banking field. It seems likely in this organization, then, 
that the computer may lead to more effective centralization, as 
predicted by many of the early computer prognosticators, including 
Leavitt and Whisler.
Hence, each of the three case study firms presents a unique 
view of the computerization process and the goals sought through the 
application of information technology and electronic data processing. 
Differences in the extent and pace of computerization, the breadth 
of organizational impact, and the managerial philosophies themselves 
interact to determine the resulting implications for managers and 
how they perform their primary functions.
In the next chapter, the major findings derived through the 
application of the research methodology explained in Chapter IV to 
the three case study firms described in this chapter are presented.
The generalizations which appear to be common to all three levels of 
managers at these case study firms are presented first. Then, dif­
ferences among the observations of various groups of executives 
regarding particular functions are analyzed. After the data required 
for the support of the six research hypotheses are presented in 
Chapter VI, which follows, supplementary findings are discussed in 
Chapter VII. Final conclusions and implications are drawn in 
Chapter VIII.
CHAPTER VI
PRESENTATION AND ANALYSIS OF DATA: PART I
SUPPORT FOR HYPOTHESES
As explained Chapter IV, the information obtained from three 
levels of managers in the three case study firms was examined in two 
major stages. First, certain generalities were drawn from the over­
all pattern of responses from the entire sample of managers. While 
the conclusions which emerged are subject to further testing before 
being applied to all firms similar to the three participating in this 
study, the evidence gathered does provide an initial basis for deter­
mining the validity of the first three research hypotheses.
The second phase in the evaluation of the information obtained 
from the case studies utilized the forty-five cell research design 
described previously.^- This analytical framework permitted the deter­
mination of statistically significant differences and similarities 
among responses for the three levels of managers in the three firms, 
regarding the impact of the computer on their five primary categories 
of managerial functions. Subsequently, these findings provided the 
criteria for either accepting or rejecting the last three research 
hypotheses.
See Chapter IV, Research Design and Methodology, pp. 92-95.
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Responses from Questionnaires and Interviews
The questionnaire used to obtain much of the information present­
ed in this chapter is exhibited in Appendix A, which begins on page 202. 
As previously described, Part I of this questionnaire, along with 
supplementary interviews, provided most of the general information 
required in the first phase of the analysis. Part II of the question­
naire contains ninety-two specific data items which were utilized 
primarily in the second stage of the analysis.
Although the theoretical forty-five cell research design was 
comprised of nine groups of managers, for which five categories of 
functions were examined, the data actually collected reflect the fact 
that lower-level managers at the Full-Line Store were not included in 
the sample answering the written questionnaire. Although limited 
observations were obtained from this group through interviews, the 
research coordinator at Full-Line asserted that the supervisory 
personnel at this branch of the national chain are not yet affected 
at all by computerization; and hence, to devote extensive effort to 
having them attempt to complete detailed questionnaires would be 
pointless. This researcher found from interrogating individually a 
sample of five of such personnel that this assertion was substantiated.
The total number of questionnaires distributed among the other 
eight groups of managers at the three case study firms amounted to 
211. Of this total, sent to individual respondents by intra-company 
mail systems, 102 were satisfactorily completed and returned. Table I 
summarizes these returns by respondent category. The Petro-Chem
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Refinery is by far the largest of the three case study organizations, 
and as Table I indicates, managers at this firm comprised the largest 
portion of the total sample. Both line and staff managers in all types 
of positions were included in the representation. Because EBP is a 
relatively new development at the Full-Line Store, most of the store's 
line organization has not yet been able to recognize and evaluate the 
computer's impact. The much smaller sample of respondents at Full- 
Line was comprised primarily of top administrators and staff department 
managers since they were the ones most able to provide accurate in­
sights into the effects of computerization there. Relative to its 
small size (in numbers of personnel), the Com-Serve Bank had a compara­
tively large number of respondents. This comprehensive sampling was 
undertaken in order to permit perspectives on computerization from all 
major departments, including those which are now somewhat removed 
from the primary thrusts of computer effort at the bank.
TABLE I
NUMBERS OF RESPONDENTS BY CATEGORY 
FOR 102 COMPLETED QUESTIONNAIRES
Level Organization
of Petro-Chem Full-Line Com-Serve TOTAL
Management Refinery Store Bank_________________
Top 14 7 4 25
Middle ' 4 7  3 7 57
Lower _1_2 () 8  ^ 20
TOTAL 73(71.67=) 10 (9.87=) 19(18.67=) 102 (1007=)
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The data provided by these written questionnaires were supple­
mented .by additional information obtained through thirty interviews. 
Twelve of these interviews involved managers who also completed 
questionnaires, however; so the total number of respondents from both 
sources amounted to 120, as summarized in Table IX. With these inter­
views taken into consideration, all nine potential groups of respondents 
were included in the total research sample.
TABLE II
TOTAL NUMBERS OF RESPONDENTS 
BY CATEGORY FROM BOTH QUESTIONNAIRE 
AND INTERVIEW SOURCES*
Level
of
Management
Top
Middle
Lower
TOTAL
Petro-Chem
Refinery
16
50
13
Organization
Full-Line
Store
8
3
5
79 (65.87.) 16 (13.47.)
Com-Serve
Bank
6
10
_9
25 (20.87.)
TOTAL
30
63
27
120 (1007.)
*Duplications resulting from respondents contributing information 
through both sources are eliminated.
Although a number of additional conclusions may be drawn from 
the information obtained through these sources, the two sections of 
this chapter which follow are built primarily upon the six research 
hypotheses stated initially in Chapter I and subsequently discussed
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in Chapter XV.2 Supplementary findings are presented in Chapter VII 
in order to complement the major conclusions related to the research 
hypotheses. These findings provide significant insights into the 
composite profile and particular details of computer impacts on 
specified management groups and functions.
Analysis--Phase jC:
Generalizations from Total Sample
The evidence regarding the first three research hypotheses is 
examined in this section. These hypotheses, restated, are:
1. The advent of the computer has changed certain 
composite activities required for the discharge 
of managers' primary functions.
2. The alterations in the performance of manage­
ment functions which the computer has generated 
thus far have been evolutionary rather than revo­
lutionary.
3. Managers expect the rate of computer-fostered 
change exerted on the performance of their 
primary functions to accelerate.
PRESENCE OF COMPUTER-FOSTERED CHANGES
Except for supervisory personnel at the Full-Line Store, almost 
all respondents either completing the questionnaire or participating
See Chapter I, Introduction, p. 4. Also, see Chapter IV, 
Research Design and Methodology, pp. 101-102, 105.
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in the supplementary interviews agree that the advent of the computer 
has brought changes to their work.
Table III indicates the distribution of responses to questions 
related to the presence of noticeable computer impact on the nature 
and performance of managerial activities. The overall totals indicate 
that 94.8 percent of all respondents perceive some computer impact 
on their functions. Excluding the one negative group already identi­
fied, over 99 percent of the managers feel that the computer has 
affected certain aspects of their jobs. The one additional respondent 
indicating a negative answer heads a department at the bank which is 
not yet computerized because of its relatively low volume of trans­
actions. Thus, the first hypothesis appears to be supported quite 
conclusively.
Specific details concerning those composite activities of respon­
dents' primary functions which have been affected most and least by 
computerization are discussed the appropriate sections of Chapter VII. 
Documents obtained from the three companies' files substantiate the 
observations of the managers questioned. Therefore, relevant portions 
of the data from these supplementary sources of evidence are presented 
to complement the analysis directly required to test the research 
hypotheses.
PACE OF CHANGE EXPERIENCED TO DATE
The second research hypothesis, which asserts that only evolu­
tionary computer-fostered changes have occurred so far, is also 
strongly supported by the data collected. As Table IV on page 141
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shows, 91.8 percent of the respondents from all groups agree that the 
computer has not brought abrupt or revolutionary shifts to their jobs 
or their companies' organization structures at this point in time.
TABLE III
EVIDENCE OF COMPUTER IMPACT 
ON MANAGEMENT ACTIVITIES
Category
of
Respondents
Refinery
Top
Middle
Lower
Store
Top
Middle
Lower
Bank
Top
Middle
Lower
TOTAL
Detectable
Impact
16
50
12
8
3
0
Number of Respondents* 
Negligible 
or No Impact TOTAL
0 16
0 50
0 12
0
0
5
1
0
0
8
3
5
6
9
7
110 (94.870 6 (5.270 116 (10070
^Numbers include both questionnaire and interview respondents, elim­
inating duplications. Omissions on several questionnaires reduce 
totals.
A close examination of the questionnaires submitted by those 
eight respondents indicating a revolutionary impact reveals the fact 
that several of them occupy positions which previously involved a 
great deal of clerical or other routine work in addition to their
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managerial functions. This may indicate that the really substantial 
changes lie in these areas rather than within the realm of true manage­
ment activities.
TABLE XV
PACE OF COMPUTER-FOSTERED CHANGE 
PERCEIVED BY VARIOUS RESPONDENT GROUPS
Category of 
Respondents
Refinery
Top
Middle
Lower
Number of Respondents* 
Evolutionary Revolutionary
13
42
8
1
2
1
TOTAL
14
44
9
Store
Top
Middle
Lower
Bank
Top
Middle
Lower
TOTAL
7
3
5
5
4
3
0
0
0
1
1
2
7
3
5
6
5
5
90 (91.8%) 8 (8.2%) 98 (100%).
^Numbers include both questionnaire and interview respondents, elim­
inating duplications. Omissions on several questionnaires reduce 
totals.
Table V on the following page presents further evidence to sub-
3
stantiate the validity of this hypothesis. The median and the mean
3
As discussed Chapter IV, Research Design and Methodology, 
pp. 101-103, mean computations are provided merely as supplementary 
reference points since the questionnaire responses conform to an 
ordinal scale.
TABLE V
MEDIAN AND MEAN LEVELS* OF COMPUTER 
IMPACT REPORTED BY PARTITIONED GROUPS 
OF QUESTIONNAIRE RESPONDENTS
Category
of
Respondents
PLANNING 
Median Mean
ORGANIZING 
Median Mean
Managerial Function
STAFFING 
Median Mean
DIRECTING ■ 
Median Mean
CONTROLLING 
Median Mean
Refinery
Top
Middle
Lower
Score
Top
Middle
Lower
Bank
Top
Middle
Lower
1
1
2
1
1
X***
2
1
2
1.13 
1.48 
1.80
0.83
1.45
x
2.13 
1.60 
1.88
1
1
1
0
1
x
2
1
1
0.78
0.85
1.31
0.58
0.88
x
1.85
1.17
1.08
0.5** 0.79
1
1
0
1
x
2
1
1
0.95
1.48
0.56
0.88
1.43
1.11
1.11
*Boeh median and mean values arc based on the four-point absolute scale 
for questionnaire rankings: 0 - no effect
1 ■* 5light change
2 ■ moderate change
3 " much change
**The median value in this case falls exactly between the 0 and 1 levels.
***There are no figures for lower level managers at the store since this 
group of respondents is not represented in the questionnaire data.
0
1
1
0
1
x
1
1
1
0.72
0.78
1.22
0.70
0.66
x
1.37
1.13
1.05
1
1
2
0
1
x
3
1
1
1.03
1.18
1.89
0.64
1.25
x
2.20
1.34
1.13
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values of responses for various groups of managers' perceptions of 
levels of computer impact on the five major functions indicate only 
slight computer-fostered changes to date. The values summarized in 
this table were derived from the four-point absolute ranking scale 
(on which 0 = no effect) 1 = slight, 2 = moderate, and 3 = much impact) 
for each group's recognition of change for the composite categories 
of management activities.
An examination of all medians for the responses of all groups of 
managers for all functional categories reveals that twenty-seven of 
these forty rankings lie at the 1 = slight impact level. With two- 
thirds of the manager-function groups of the total sample responding 
to the questionnaire thus accounted for, the other one-third of the 
rankings are almost exactly divided between median values above and 
below this level. The mathematical average of all median values is 
1.06, confirming the "slight" impact level; and similarly, the mathe­
matical average of the mean values is 1.19.
Differences among these groups are discussed in the second 
phase of the data analysis in this chapter, related to the last three 
hypotheses; while impact levels for specific data items are summarized 
in their respective sections of Chapter VII.
Two additional questions reflect the absence of strong feelings 
on the part of many of the managers consulted in this research regard­
ing the possible existence of substantial computer impacts to date.
When asked whether the overall levels of efficiency and interest or 
self-fulfillment have shifted as a result of computerization, the 
respondents' answers indicated mixed feelings, presented in Table VI
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and Table VII. A clear majority of the managers answering the efficiency 
question reported that efficiency has been enhanced by computerization. 
But the fact that twenty-nine managers, or 24.2 percent of those 
participating in the research, did not indicate their feelings regard­
ing the level of efficiency, causes some reservations about what 
conclusions can be drawn from these data. This indecisive pattern is 
even more pronounced on the interest and self-fulfillment question.
While a slight majority of those answering indicated greater job 
interest resulting from computerization, the large number of respon­
dents omitting this question, amounting to forty-four managers, or 
3'6.7 percent of the total sample, prohibits the reaching of a firm 
conclusion on the matter.
It is probable that some of the indecision and unwillingness to 
express opinions regarding these questions, as shown by total numbers 
of responses far below the 120 possible in Tables VI and VII, results 
from the fact that the pace of change brought about by computerization 
has been gradual. The answers readily given by some respondents, 
particularly regarding the efficiency question, were undoubtedly 
those thought to be desired by the researcher. Perhaps those managers 
are not responding at all either admitted the imperceptibility of the 
impact on their positions or wished not to appear negative in their 
attitudes toward computerization.
This phenomenon seems to be particularly true, for example, in 
the cases of three of the store managers who complained that the 
computer has so far caused communication delays--resulting in their 
receiving certain operating reports at later dates than was previously
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TABLE VI
PERCEIVED CHANGES IN LEVELS OF EFFICIENCY 
RESULTING FROM COMPUTERIZATION
Category
of
Respondents
Refinery
Top
Middle
Lower
Number of Respondents-
Now More 
Efficient
8
'33
9
Now Less 
Efficient
0
0
0
No
Change
1
6
1
TOTAL
9
39
10
Store
Top
Middle
Lower
4
3
0
0
0
0
4 
0
5
8
3
5
Bank
Top
Middle
Lower
3 
5
4
0
0
0
0
3
2
3
8
6
TOTAL 69 (75.87<.) 0 (0.07a) 22 (24.27a) 91 (1007o)
^Numbers include both questionnaire and interview respondents, elim­
inating duplications. Omissions on a number of questionnaires reduce 
totals.
possible before the use of computers. It may be observed from Table 
VI, however, that all store managers answering this question indicated 
that the computer has enhanced efficiency. Other similar instances 
undoubtedly exist.
EXPECTATIONS FOR FUTURE EFFECTS
While there is an apparent concensus indicating that the impact 
of computerization to date has been evolutionary, there is no close
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TABLE VII
PERCEIVED CHANGES IN LEVELS 
OF JOB INTEREST OR SELF-FULFILLMENT 
RESULTING FROM COMPUTERIZATION
Category Number of Respondents*
of Now More Now Less No
Respondents Interest Interest Change TOTAL
Refinery
Top 4 . 0  4 8
Middle 20 0 12 32
Lower 3 0 3 6
Store
Top 3 0 5 8
Middle 1 0 1 . 2
Lower 0 0 5 5
Bank
Top 2 0 0 2
Middle 5 0 3 8
Lower __3 () ' _2 5
TOTAL 41 (53.9%) 0 (0.0%) 35 (46.1%) 76 (100%)
^Numbers include both questionnaire and interview respondents, elim­
inating duplications. Omissions on a substantial number of question­
naires reduce totals.
agreement among respondents regarding their expectations for the pace 
of change which the computer will bring in the future. As Table VIII 
indicates, a slight majority amounting to 59.6 percent of those 
answering the question anticipated an accelerating rate of change.
But significant numbers of managers also predicted changes at equal 
or slower rates, amounting to 26.6 percent and 13.8 percent, 
respectively.
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TABLE VIII
PREDICTED RATES OF CHANGE TO BE 
GENERATED BY THE COMPUTER IN THE FUTURE
Category
of
Respondents
Number of Respondents*'-
Faster 
in Future
Slower 
in Future
No
Change TOTAL
Refinery
Top
Middle
Lower
8
28
9
0
6
1
4
10
2
12
44
12
Store
Top 1 1  5 7
Middle 2 1 0 3
Lower 0 0 0 0
Bank ____
Top 1 1   2 4
Middle 3 1 2 6
Lower ^4 2 __0 6
TOTAL 56 (59.67.) 13 (13.87.) 25 (26.6%) 94 (1007.)
*Numbers include both questionnaire and interview respondents, elim­
inating duplications. Omissions on a number of questionnaires reduce 
totals.
Thus, although the data at least point in the direction asserted 
by the third hypothesis, providing some support for the statement, 
there does not exist sufficient evidence to permit unqualified accept­
ance based on the expectations of the managers at these three firms.
SUMMARY OF GENERAL OBSERVATIONS
In summary, the initial generalizations taken from all respond­
ents without regard to specific positions and functions definitely 
support the first two research hypotheses and present limited evidence
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favoring the validity of the third. Thus, the overall pattern of com­
puter impact which appears to have occurred in the three firms studied 
does seem to have affected almost all types of managers and functions 
to some degree.
The computer-fostered changes which have been observed to date 
have been relatively "slight," however, generating somewhat mixed 
feelings regarding considerations such as the resulting efficiency, 
interest, and self-fulfillment opportunities for incumbents. More­
over, while very few of the respondents reported that future computer- 
engendered changes are likely to come at a slower rate than that 
experienced so far, the overall viewpoint is not one heavily weighted 
toward an accelerating pace of change.
The second and more extensive phase of data analysis in this 
chapter probes below the surface generalizations to discern statisti­
cally- significant differences and similarities among various groups 
of respondents.
Analysis--Phase II:
Intra-Sample Differences and Similarities
In this section, the evidence related to the last three research 
hypotheses is examined. Restated, these hypotheses are:
4. The magnitudes of computer-induced changes in the 
performance of composite management activities 
vary by category of management function.
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5, The levels of computer-caused changes in the perform­
ance of specific management functions vary by type of 
organization.
6. The severities of computer-engendered changes in 
the performance of specific management functions 
vary by level of management.
As explained in Chapter IV, three nonparametric statistical 
tests were applied to the questionnaire data utilizing the forty- 
five cell analytical framework in order to determine whether signifi­
cant differences exist among groups of responses.^ The three techniques 
utilized include the chi-square, median extension, and Kolmogorov- 
Smirnov tests. The basic processes in all three of these statistical 
tools involved the observation of fluctuations in a dependent variable 
(degree of impact or amount of change caused by the computer) as a 
result of successive manipulations of three independent variables:
(1) categories of managerial functions, (2) types of firms, and 
(3) levels of management. As noted earlier, Appendix B, beginning 
on page 212 , summarizes the technical aspects of these statistical 
procedures.
These statistical analyses were applied to the ninety-two specific 
data items related to the five primary management functions, both 
individually and by categories. It should be noted that because of 
the absence of questionnaire responses from lower level managers at 
the store, the research design was actually collapsed to forty cells 
rather than the theoretical forty-five (since there were eight cate­
gories of managers multiplied by five functions).
^See Chapter IV, Research Design and Methodology, pp. 102-105.
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CHI-SQUARE AND MEDIAN TEST SCREENING
The initial screening was accomplished through the very low- 
powered (in terms of its ability to reject a false null hypothesis) 
chi-square test. The last three research hypotheses were reworded as 
explained in Chapter IV to indicate "no differences" in levels of 
computer-fostered change regardless of manipulations of the three 
independent variables.^ That is, the resulting null hypotheses assert­
ed that the impact of the computer remains constant across all 
categories of functions, types of firms, and levels of managers. 
"Expected frequencies" for certain response patterns were internally 
calculated and the actual data were compared to these theoretical 
distributions in order to determine whether a given null hypothesis 
should be accepted or rejected.
Because of its low power, only a small number of significant 
differences were detected by the chi-square test. Forty group compari­
sons out of 184 conducted, or 21.7 percent, indicated variations 
significant at the 0.05 level. In addition, seven comparisons, 
representing 3.8 percent, produced extremely high correlations or 
similarities among various groups of managers and the computer impacts 
they perceived for specified aspects of their work.
Tables IX and X exhibit these significant findings, the former 
pertaining to differences and similarities among managers categorized 
by types of firms, and the latter presenting data categorized by 
levels of management. These tables, it should be stressed, indicate 
degree of agreement or disagreement among groups of managers rather
5
Ibid., p. 105.
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TABLE IX
CHI-SQUARE TEST SIGNIFICANT DIFFERENCES
AND SIMILARITIES EXPRESSED BY RESPONDENTS
VARYING BY TYPE OF FIRM
Aspect of 
Management 
Function
Significant 
Difference at 
0.05 Level
PLANNING
Proportion of Time Required 
Quality of Data Available 
Demand for Creativity 
Revision of Plans Required 
Accuracy of Forecasts 
Overall Complexity of Plans 
Formality of Plans 
Range of Alternatives Available 
Amount of Uncertainty Faced 
Coordination of Plans of 
Different Departments 
Ease of Implementing Plans
ORGANIZING
Use of Staff Positions 
Status of Your Position 
Combining of Separate Functions 
Number of Levels in Company 
Importance of Organization Chart
0.021
0.009
0.038
0.049
0.043
0.000
0.045
0.029
0.022
0.036 
0.037
0.007 
0.002
Balance of Authority and Accountability 0.002 
STAFFING
Demands for Your Talents Outside 
the Company
Training Required for Your Job . 0.009
Importance of Performance 
Appraisals for Your Group 
Need for Bringing in Outside Talents 0.043
Machine Replacement of Humans 0.001
DIRECTING
Need for Direct Skills in Area Managed 0.033
Use of Written Communications
(as Opposed to Oral) 0.015
Esprit de Corps of Work Group 0.043
Number of Employees Looking
to You for Leadership 0.001
Need for Rules and Discipline 0,000
Significant 
Similarity at 
0.95 Level
0.972
0.966
0.983
0.961
0.952
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TABLE IX 
(Continued)
Aspect of 
Management 
Function
Significant Significant
Difference at Similarity at 
0.05 Level 0.95 Level
CONTROLLING
Use of Budgeting Techniques 
Management by Exception
0.001
(Concentration of Deviations) 
Your Responsibility for Setting
0.017
Control Standards 0.012
than severity of computer effects. The latter topic is the subject 
of further discussion in Chapter VII, as the impacts on specific 
data items are considered.
Composite magnitudes of computer impact for specified groups of 
managers, however, may be obtained from Table V, presented earlier in 
this chapter on page 142, and from Table XIII, which appears on pages 
159 and 160. The absolute response levels for particular data items
varied widely around the Table V values for those noted in Tables IX 
and X as being significantly different, while they tended to be rela­
tively close to the Table V magnitudes for items designated as having 
high correlation in the positive direction.
The results produced by the chi-square test indicated that the 
generally more powerful median test, by analyzing calculated dichoto­
mies in the groups of questionnaire responses, might disclose a larger 
number of significant differences. Thus, the second preliminary sta­
tistical screening device utilized also involved the comparison of 
actual patterns of responses to theoretical "expected frequencies" 
for various cells, in a manner slightly more sophisticated than that 
employed by the chi-square test.
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TABLE X
CHI-SQUARE TEST SIGNIFICANT DIFFERENCES
AND SIMILARITIES EXPRESSED BY RESPONDENTS
VARYING BY LEVEL OF MANAGEMENT
Significant 
Difference at 
0.05 Level
0.021
0.003
0.013
0.002
Aspect of 
Management 
Function
PLANNING
Proportion of Time Required 
Quality of Data Available 
Accuracy of Forecasts 
Amount of Uncertainty Faced 
Coordination of Plans of
Different Departments 0.033
ORGANIZING
Degree of Executive Mobility 0.030
Amount of Authority You
Delegate to Subordinates 
Flexibility of Organization Structure 0.012
Importance of Organization Chart 0.021
STAFFING
Amount of In-Plant Training 0.034
Training Required for Your Job 0.040
Use of Written Job Descriptions 0.042
DIRECTING
Scope of Personnel Matters You Handle 0.000
Recognition to Reward Good Work
CONTROLLING
Management by Exception
(Concentration of Deviations) 
Emphasis on "Direct Control" 
(Selection of Employees with 
Higher Qualifications)
Your Responsibility for Setting 
Control Standards
0.000
0.043
0.018
Significant
Similarity at
0.95 Level
0.998
0.978
Results emerging from the median test, however, disclosed even 
fewer statistically-significant differences than the chi-square test, 
again utilizing the 0.05 significance level. Only thirty of the
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inter-group comparisons, representing 16.3 percent of the total of 
184 analyzed, reflected significant differences in support of the 
research hypotheses. Moreover, only four comparisons, or 2.2 percent, 
indicated the high 0.95 level or above correlations. These results 
are presented in Tables XI and XII on the two pages following, with 
the former again depicting variations by types of firms and the latter 
showing differences by levels of management.
The significant differences below the 0.05 level and strong sim­
ilarities with probabilities greater than 0.95 disclosed by the median 
test were exactly divided in number between those resulting from var­
iations in types of firms and those derived from changes in levels of 
management. In each case, there were fifteen differences and txtfo high 
positive correlations. This is a moderate departure from the distri­
bution pattern shown by the chi-square test, which indicated both more 
significant differences and more strong similarities when the type of 
firm was manipulated than for shifts in the level of management. The 
respective proportions indicated by the chi-square test were twenty- 
five differences for variations in firm, compared to fifteen for changes 
in management level. Similarly, there were five major similarities 
for the former, against only two generated by the latter.
The large number of duplications among the specific data items 
reflecting the greatest significant differences and similarities is 
of correlary statistical interest. While the research hypotheses are 
not specifically concerned with the particular patterns of differences 
and similarities among categories of managers, their identification 
apart from other aspects of the five basic managerial functions does 
help to explain why the variations hypothesized may exist.
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TABLE XI
MEDIAN TEST SIGNIFICANT DIFFERENCES
AND SIMILARITIES EXPRESSED BY RESPONDENTS
VARYING BY TYPE OF FIRM
Aspect of 
Management 
Function
Significant 
Difference at 
0.05 Level
PLANNING
Proportion of Time Required 
Use of Simulation Models 
Accuracy of Forecasts 
Quality of Data Available 
Coordination of Plans of 
Different Departments
0.011
0.032
0.048
0.021
ORGANIZING
Status of Your Position 0.043
STAFFING
Use of Personnel Inventories 0.025
Efficiency of Recruiting 0.032
Machine Replacement of Humans 0.007
DIRECTING
Scope of Personnel Matters You Handle 0.049 
Use of Written Communication
(as Opposed to Oral) 0.024
Esprit de Corps of Work Group 0.006
Number of Employees Looking
to You for Leadership 0.028
Application of Psychology and 
Motivation Theory
CONTROLLING
Use of Budgeting Techniques 
Management by Exception
(Concentration on Deviations) 
Your Responsibility for Setting 
Control Standards
0.012
0.048
0.005
Significant
Similarity at
0.95 Level
0.951
0.989
For example, it can be readily noted from Tables IX, X, XI, and 
XII that there is very little agreement either among respondents 
representing different types of firms or among managers at different
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TABLE XII
MEDIAN TEST SIGNIFICANT DIFFERENCES
AND SIMILARITIES EXPRESSED BY RESPONDENTS
VARYING BY LEVEL OF MANAGEMENT
Aspect of 
Management 
Function
Significant 
Difference at 
0.05 Level
PLANNING
Proportion of Time Required 0.010
Accuracy of Forecasts 0.008
Coordination of Plans of
Different Departments 0.014
Ease of Implementing Plans 0.020
ORGANIZING
Degree of Executive Mobility 0,038
Combining of Separate Functions 
Formality of Communication Channels 0,036
Your Role in Setting Up Job
Positions and Activities 0.050
STAFFING
Amount of In-Plant Training 0,044
Training Required for Your Job 0.022
Use of Written Job Descriptions 0.009
DIRECTING
Need for "Humanization" of Work
Scope of Personnel Matters You Handle 0.001
CONTROLLING
Use of Budgeting Techniques 0.019
Dependability of Timely
Information for Control 0.047
Emphasis on "Direct Control"
(Selection of Employees with 
Higher Qualifications) 0.016
Your Responsibility for Setting
Control Standards 0.002
Significant
Similarity at
0.95 Level
0.962
0.972
levels regarding the computer's effects on what proportion of each 
executive's time is to be devoted to the planning function. On the 
other hand, there is a very high correlation among various managers'
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responses pertaining to the computer's impact on the accuracy of 
data available for planning purposes.
Other similar response patterns for specific data items related
to the five basic managerial functions may be easily discerned from 
the data. Included among the additional specific data items which 
generated statistically-significant disagreements across different 
groups of respondents varying both by type of firm and by level of 
management were: (1 ) accuracy of planning forecasts, (2) coordina­
tion of plans of different departments, (3) importance of organization 
charts, (4) scope of personnel problems handled by respondents,
(5) training required for respondents’ jobs, (6) use of budgeting 
techniques, and (7) respondents' responsibilities for setting control 
standards,
DEPTH EVALUATION THROUGH KOLMOGOROV-SMIRNOV TEST
The two preliminary statistical screening devices did not derive 
results strong enough to dictate acceptance of the last three research 
hypotheses. However, when the ninety-two individual data items in­
cluded in Part II of the questionnaire were summarized in terms of 
the five primary management function categories, the much more power­
ful Kolmogorov-Smirnov test could be meaningfully applied.
This technique made more efficient use of the research design 
than the chi-square and median tests, which conducted multiple com­
parisons of three large groups of managers differentiated either by 
type of firm or by level of management. Alternatively, the Kolmogorov- 
Smirnov test made paired comparisons between specified cells from 
the forty possible smaller groups of managers.
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This difference may be appreciated more concretely by returning 
briefly to Table I on page 136 of this chapter. Both the chi-square 
and median tests utilized the six sub-total groups of respondents 
shown in the far-right column and bottom row of this table, resulting 
in the loss of ability to distinguish statistically-significant 
differences within particular rows and columns. The Kolmogorov- 
Smirnov test, hox^ever, considered each of the eight represented cells 
individually (which, when multipled by five functions, equals forty 
cells, total).
The numbers of group responses falling into each of the categories 
on the questionnaire's modified four-point rating scale constituted 
the input data for the Kolmogorov-Smirnov test. These numbers of 
responses are summarized in Table XIII. The procedure analyzed these 
frequency distributions to detect any significant differences in 
central tendency, dispersion, skewness, or other characteristics of 
the data patterns. Although each group of responses, as shown in 
Table XIII, was comprised of a unique total number of data inputs, 
the technique employed the calculation of cumulative fractions and 
conversion to common denominators for each comparison made. Hence, 
the actual number of responses was irrelevant, unless the sample 
became too small to permit legitimate use of the test. The latter 
did not occur with these data. Table XIII shows the conversion of 
each line (particular manager group and function combination) to 
percentages, in order to facilitate ease of visual comparisons of 
distribution patterns.
TABLE XIII
DISTRIBUTION OF QUESTIONNAIRE RESPONSES 
AMONG FOUR-POINT SCALE VALUES BY COMBINED 
GROUPS OF MANAGERS AND FUNCTIONS
Category
of
Responses
No Effect
Number Percent
Number' and Percentage of Responses 
Slight Change 2 = Moderate Change
Number Percent Number Percent Number
3 - Much Change
Percent
Category Total 
Number Percent
REFINERY - TOP
Planning 84
Organizing 110
Staffing 108
Directing 106
Controlling 77
33.1 
49.8
50.0
51.2
36.0
83
66
57
65
70
32.7 
29.9
26.4
31.4
32.7
57
29
39
23
51
22.4
13.1
18.1 
11.1 
23.8
30
16
12
13
16
11.8
7.2 
5.6
6.3 
7.5
254
221
216
207
214
100
100
100
100
100
REFINERY - MIDDLE 
Planning 171
Organizing 334
Staffing 313
Directing 324
Controlling 216
19.3
44.2
42.1 
44.7
30.1
274
246
223
262
235
31.0 
32.6
30.0
36.1 
32.8
285
131
137
116
184
32.2
17.4
18.4 
16.0 
25.7
155
44
70
23
82
17.5
5.8
9.4
3.2
11.4
885
755
743
725
717
100
100
100
100
100
REFINERY - LOWER 
Planning 20
Organizing 30
Staffing 39
Directing 36
Controlling 11
9.0
18.2
22.3
19.4 
6.8
65
67
51
91
45
29.1 
40.6
29.1 
48.9 
27.8
77
55
47
42
57
34.5 
33.3 
26.9
22.6 
35.2
61
13
38
17
49
27.4
7.9
21.7
9.1
30.2
223
165
175
186
162
100
100
100
100
100
*The number of responses reported for a particular scale value in this 
table is calculated by adding the sums of all managers in the response 
category who assign this scale value to each of the questionnaire's 
specific data items related to the overall management function under 
examina tion.
**Each category of responses (horizontal line) in this table has its own 
individual conversion to percentage ratios. Thus, although total numbers 
of responses for various categories differ, all percentages in the table 
are directly comparable.
TABLE XIII 
(Continued)
Category
of
Responses
STORE - TO? 
Planning 
Organizing 
Staffing 
Directing 
Controlling
STORE - MIDDLE 
Planning 
OrganicIng 
Staffing 
Directing 
Controlling
BANK - TOP 
Planning 
Organizing 
Staffing 
Directing 
Control ling
BANK - MIDDLE 
Planning 
Organizing 
Staffing 
Directing 
Controlling
BANK - LOWER 
Planning 
Organizing 
Staffing 
Directing 
Controlling
TOTAL
Number and Percentage of Responses 
0 ■ No Effect 1 r Slight Change 2 = Moderate C h a n g e  3 ° Much Change Category Total
Number Percent Number Percent Number Percent Number Percent Number Percent
69
66
64
53
55
49.6
61.7
60.4 
52.0
51.4
38
22
26
28
38
27.3
20.6
24.5
27.5
35.5
18
17
15
20
11
12.9
15.9
14.2 
19.6
10.3
14
2
1
I
3
10.1
1.9
0.9
1.0
2.8
139
107
106
102
107
100
100
100
100
100
14
19
22
23
14
25.5
39.6 
41.5 
48.9 
35.0
14
19
19
17
7
25.5
39.6 
35.8 
36.2 
17.5
15 
■ 7 
8 
7 
14
27.3
14.6
15.1
14.9
35.0
12
3
4 
0
5
21.8
6.3
7.5
0.0
12.5
55
48
53
47
40
100
100
100
100
100
3
9
18
12
6
4.8
18.8
35.3
23.5
11.1
11
4
6
16
6
17.7 
8.3
11.8 
31.4 
11.1
23
20
14
15 
13
37.1 
41.7 
27.5 
29.4
24.1
25
15
13
8
29
40.3
31.3 
25.5
15.7
53.7
62
48
51
51
54
100
100
100
100
100
10
30
36
33
26
8.1
29.1
33.3
33.3 
25.0
53
34
37
26
32
42.7 
33.0
34.3
26.3
30.8
38
31
22
34
31
30.6
30.1
20.4
34.3
■29.8
23
8
13
6
15
18.5
7.8
12.0
6.1
14.4
124
103 
108
99
104
100
100
100
100
100
8
30
33
29
18
9.6
38.5
44.0
36.7
26.9
19
19
11
22
25
22.9
24.4
14.7
27.8 
37.3
31
22
21
23
21
37.3 
28,2 
28.0 
29.1
31.3
25
7
10
5
3
30.1
9.0
13.3
6.3
4.5
83
78 
75
79 
67
100
100
100
100
100
2,679 34.2 2,449 31.3 1,821 23.2 889 11.4 7,838 100
Effects on Various Categories of Functions
Separate Kolmogorov-Smirnov analyses -were adapted to each of the 
three research hypotheses under investigation in this section. The 
first, seeking to detect differences in computer impact related to 
variations among categories of managerial functions, utilized eighty 
paired comparisons. This total resulted from making all possible 
two-by-two investigations among the five functions for each of the 
eight groups of managers answering the questionnaire.^
This first series of comparisons generated thirty-six differences 
in response distribution patterns which are statistically significant 
at the 0.05 level, constituting 45.0 percent of the eighty tests.
While this is not a majority of the cases examined, it definitely 
stands as a proportion substantial enough to indicate statistical 
support for the hypothesis that some differences do exist among the 
computer impacts on various managerial functions. A correlary find­
ing derived by this first Kolmogorov-Smirnov application is the 
presence of fifteen pairs of response distributions for which the 
similarities are close enough to warrant 0.95 or higher levels of 
probability that there are no significant differences between them.
Table XIV summarizes these findings, indicating which groups of 
managers perceive the greatest and least variations in the degrees of 
computer impact on their functions. Overall, the refinery managers
The total number of combinations of n different items taken r 
at a time is given by the equation: jnlj / (n-r) \] . Thus, for
five functions, taken two at a time, the result is: [5\J i £2! (5-2)7]
[5 x 4 x 3 x 2 x lj / [2 x 1 (3 x 2 x l)j = 120 / 12 = 10. With ten 
comparisons possible for each group, multiplied by the eight groups 
represented, the overall total is eighty.
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TABLE XIV
KOLMOGOROV-SMIRNOV TEST SIGNIFICANT
DIFFERENCES AND SIMILARITIES BY PAIRS
OF MANAGERIAL FUNCTION CATEGORIES
Pair of 
Response 
Categories
REFINERY - TOP 
Planning vs. 
Planning vs. 
Planning v s . 
Planning vs. 
Organizing vs 
Organizing vs 
Organizing vs 
Staffing vs. 
Directing vs.
Organizing 
Staffing 
Directing 
Controlling 
Staffing 
Directing 
. Controlling 
Controlling 
Controlling
REFINERY - MIDDLE
Planning vs. Organizing 
Planning vs.
Planning vs.
Planning vs.
Staffing 
Directing 
Controlling 
Organizing vs. Controlling 
Staffing vs. Directing 
Staffing vs. Controlling 
Directing vs. Controlling
REFINERY - LOWER
Planning vs. Organizing 
Planning vs. Directing 
Planning vs. Controlling 
Organizing vs. Controlling 
Staffing vs. Directing 
Staffing vs. Controlling 
Directing vs. Controlling
Significant 
Difference at 
0.05 Level
0.003
0.002 
0.001
0.032
0.029
0.015
0.000
0.000
0.000
0.000
0.000
0.008
0.000
0.000
0.001
0.000
0.000
0.012
0.017
0.000
Significant 
Similarity at 
0.95 Level.
0.981 
1.000 
1.000
1.000
STORE - TOP
Organizing vs. Staffing 1.000
STORE - MIDDLE 
Planning vs. 
Planning vs. 
Planning vs. 
Planning vs.
Organizing 
S taffing 
Directing 
Controlling
0.033
0.046
0.005
0.984
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TABLE XIV
(Continued)
Pair of Significant •Significant
Response Difference at Similarity at
Categories 0.05 Level 0.95 Level
STORE - MIDDLE (Continued)
Organizing vs. Staffing 1.000
Organizing vs. Directing 0.986
Staffing vs. Directing 0.998
Directing vs. Controlling 0.020
BANK - TOP
Planning vs. Staffing 0.011
Planning vs. Directing 0.006
Organizing vs. Directing 0.044
Staffing vs. Controlling 0.031
Directing vs. Controlling 0.001
B A M  - MIDDLE
Planning vs. Organizing 0.014
Planning vs. Staffing 0.001
Planning vs. Directing 0.002
Organizing vs. Staffing 0.998
Organizing vs. Directing 1.000
Organizing vs. Controlling 0.976
BANK - LOWER
Planning vs. Organizing 0.001
Planning vs. Staffing 0.000
Planning vs. Directing 0.000
Planning vs. Controlling 0.001
Organizing vs. Staffing 1.000
Organizing vs. Directing 1.000
Staffing vs. Directing 0.987
find the most differences, while the executives at the store feel
that the computer's effects do not vary substantially by type of 
managerial function. Bank managers at the middle and lower levels, 
along with middle-level managers at the store, recognize the highest 
positive correlations among severities of computer impact for pairs of 
functions.
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The strongest similarities appear to exist between the planning 
and controlling impacts, on the one hand, and among the three cate­
gories of organizing, staffing, and directing computer effects, on 
the other. The most significant differences, overall, resulted from 
comparisons between one of the former two functions and one of the 
latter three categories of managerial activities. Thirty-one of the 
thirty-six significant differences resulted from the comparison of 
one function from the first group with another from the second. More­
over, fourteen of the fifteen strong similarities were obtained from 
comparisons either within the first pair of functions, or from within 
the latter three categories of management activities.' This appears 
no be a reflection of the fact that, in general, managers perceive 
the greatest computer impacts to have been experienced for their 
planning and controlling functions, as indicated by the scale rankings 
in Table XXXI. Specific details regarding differences in computer 
impact perceived for various composite activities are discussed in 
Chapter VII.
Impacts on Different Types of Firms
The second application of the Kolmogorov-Smirnov statistical 
significance testing procedure sought to determine whether managers 
at specified levels in different types of firms have experienced dis­
similar computer effects on their functions. Given the research 
design with three levels of respondents for two case study firms and
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two levels represented for the other, thirty-five possible pairs of
7
response distributions emerged for comparisons.
Of these thirty-five pairs of response patterns analyzed for 
differences, eighteen indicated statistically-significant internal 
variations at the 0.05 level. Thus, 51,4 percent of the comparisons 
do support the research hypothesis that computer impacts on managerial 
functions vary by type of organization. It seems evident that so many 
differences would not exist within the response patterns obtained from 
the managers at these three companies if the hypothesis were incorrect. 
There were, however, six comparisons, representing 17.1 percent of the 
thirty-five, for which the 0.95 probability level was exceeded, in­
dicating strong similarities between certain groups of managers' 
experiences and observations.
As summarized in Table XV, the greatest differences among com­
puter impacts at the three case study firms exist at the top manage­
ment level. Twelve of the fifteen comparisons for these executives 
resulted in statistically-significant variations accompanying unique 
organizational environments. Middle-level managers appear to retain 
the greatest similarities despite different company situations, as 
reflected by the four extremely high positive correlations which more 
than offset the three significant differences for this group.
^Applying the general equation cited in footnote 6 on page 161 
in this chapter, the number of three items (types of firms) taken two 
at a time which results is three. The total number of comparisons 
then results from a two-stage calculation: (3 combinations x 2 levels
x 5 functions) + (1 combination x 1 level x 5 functions) = 30 + 5 = 35.
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TABLE XV
KOLMOGOROV-SMIRNOV TEST SIGNIFICANT
DIFFERENCES AND SIMILARITIES BY PAIRS
OF ORGANIZATION TYPES
Pair of 
Response 
Categories
Significant 
Difference at 
0.05 Level
TOP - PLANNING
Refinery vs. Banlt 
Refinery vs. Store 
Bank vs. Store
0.000
0.014
0.000
TOP - ORGANIZING
Refinery vs. Bank 
Bank vs. Store
0.000
0.000
TOP - STAFFING
Refinery vs. Bank 
Bank vs. Store
0.002
0.000
TOP - DIRECTING
Refinery vs. Bank 
Refinery vs. Store 
Bank vs. Store
0.004
0.008
TOP - CONTROLLING 
Refinery vs. Bank 
Refinery vs. Store 
Bank vs. Store
0.000
0.018
0.000
MIDDLE - PLANNING
Refinery vs. Store
MIDDLE - ORGANIZING 
Refinery vs. Bank 
Refinery vs. Store
0.032
MIDDLE - STAFFING
Refinery vs. Store
MIDDLE - DIRECTING 
Refinery vs. Bank 
Refinery vs. Store 
Bank vs. Store
0.001
0.032
Significant 
Similarity at 
0.95 Level
0.991
0.989
1.000
0.999
1.000
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Pair of 
Response 
Categories
LOWER - PLANNING
Refinery vs. Bank
LOWER - ORGANIZING 
Refinery vs. Bank
LOWER - STAFFING
Refinery vs. Bank
LOWER - CONTROLLING 
Refinery vs. Bank
TABLE XV 
(Continued)
Significant 
Difference at 
0.05 Level
0.026
0.014
0.000
Significant 
Similarity at 
0.95 Level
0.992
Results for Disparate Levels of Management
The third series of Kolmogorov-Smirnov statistical manipulations 
was directed toward the examination of computer impact patterns for 
different levels of management within each of the three individual 
case study firms. Again, thirty-five paired comparisons were facili­
tated by the research design, with three levels of managers represented 
in two of the companies and two levels answering the questionnaire
Q
in the third firm.
By coincidence, eighteen significant differences again emerged 
at the 0.05 level, again representing 51.4 percent of these thirty- 
five paired comparisons. Only two of the tests produced 0.95 or
8
Using the same procedures cited in footnotes 6 and 7 in this 
chapter, the calculation for the total number of relevant combinations 
involves a two step process: (3 combinations x 2 firms x 5 functions) + 
(1 combination x I firm x 5 functions) = 30 + 5 = 35.
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TABLE XVI
(KOLMOGOROV-SMIRNOV TEST SIGNIFICANT
DIFFERENCES AND SIMILARITIES BY PAIRS
OF MANAGERIAL LEVELS
Pair of 
Response 
Categories
REFINERY - PLANNING 
Top vs. Middle 
Top vs. Lower 
Middle vs. Lower
Significant 
Difference at 
0.05 Level
0.000
0.000
0.010
REFINERY - ORGANIZING 
Top vs. Lower 
Middle vs. Lower
0.000
0.000
REFINERY - STAFFING 
Top vs. Lower 
Middle vs. Lower
0.000
0.000
REFINERY - DIRECTING 
Top vs. Lower 
Middle vs. Lower
0.000
0.000
REFINERY - CONTROLLING 
Top vs. Lower 
Middle vs. Lower
0.000
0.000
STORE - PLANNING 
Top vs. Middle
STORE - DIRECTING 
Top vs. Middle
STORE - CONTROLLING 
Top vs. Middle
BANK - PLANNING 
Top vs. Middle
0.009
0.002
0.003
Significant 
Similarity at 
0.95 Level
1.000
BANK - ORGANIZING 
Top vs. Middle 
Top vs. Lower
0.001
0.001
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TABLE XVI 
(Continued)
Pair of 
Response 
Categories
Significant 
Difference at 
0.05 Level
Significant 
Similarity at
0.95 Level
BANK - DIRECTING 
Middle vs. Lower 1.000
BANK - CONTROLLING 
Top vs. Middle 
Top vs. Lower
0.000
0.000
higher correlations between managers of different levels within the 
same firm, regarding their observations of computer impact influencing 
a particular function.
As Table XVI shows, managers at various levels in the refinery 
reported the highest number of statistically-^significant differences 
in their perceptions of computer-fostered changes in primary activities. 
Of the fifteen comparisons made for the three levels and five functions 
at this firm, eleven depicted dissimilarities at the 0.05 level or 
lower. Five significant differences were reported at the bank, and 
the other two were reflected from the store managers' responses.
The planning, organizing, and controlling functions appear to 
be the source of most of the inter-level differences, while managers 
at all levels in the three firms perceive relatively fewer variations 
in their staffing and directing activities. Both of the high positive 
correlations indicated by this Kolmogorov-Smirnov application lie 
within the area of directing activities, one being observed by store 
managers and the other reported by respondents at the bank.
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Summary of Kolmogorov-Smirnov Findings
All three intra-sample hypotheses asserting differences in com­
puter impact resulting from selected categories of managerial functions, 
types of firms, and levels in organizational hierarchies draw enough 
support from the Kolmogorov-Smirnov analyses to demonstrate that the 
dissimilarities uncovered in questionnaire response patterns did not 
occur merely because of "chance variations." While the proportions 
of significant differences indicated by the data do not comprise a 
clear majority of all comparisons made, the hypotheses should not be 
interpreted to declare that all, or nearly all, inter-function, inter­
firm, and inter-level comparisons should produce significant differences. 
Alternatively, however, the fact that a large number of statistically- 
significant differences do exist according to'this particular sample 
of managers is sufficiently indicated by seventy-two of the 150 
Kolmogorov-Smirnov tests conducted, representing a total of 48.0 
percent of all comparisons made using this nonparametric procedure.
It is suspected that if certain assumptions regarding the sampling 
procedure and degree of universality of the ranking scale could be 
satisfied adequately, permitting the application of more powerful 
parametric statistical tests to the data analysis, even more convincing 
results in support of the hypotheses should emerge.
CHAPTER VII
PRESENTATION AND ANALYSIS OF DATA: PART II
SUPPLEMENTARY RESEARCH FINDINGS
Although the research hypotheses do not specify which categories 
of functionss types of firms, and levels of management might exhibit 
the highest and lowest magnitudes of computer-fostered change, the 
data obtained in this study also provide some insights into these 
areas. Moreover, information disclosed from the analysis of rankings 
for computer impact on the questionnaire's ninety-two specific data 
items by various groups of managers concerning the primary functions 
which they perform complements the support provided for the six 
research hypotheses by explaining where some of the differences lie.
This chapter, in pursuing such investigations, is divided into 
four parts related broadly to the major portions of the preceding 
chapter. First, some overall evaluations of data items of particular 
significance among the ninety-two detailed questions are presented. 
After the general pattern of responses for the total sample is 
summarized, the three subsequent sections again partition the 
evidence according to the three criteria employed previously: (1) 
categories of functions, (2) types of organizations, and (3) levels 
of management. The emphasis in these analyses, however, concerns 
the magnitudes of impact resulting from computerization, rather than
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the significant differences or similarities among various portions of 
the sample.
Overall Magnitudes of Impact for Selected Data I terns
Generalizing across all groups of respondents and categories 
of activities, certain specific data items among the ninety-two 
included on the questionnaire appear to provide insights into those 
aspects of management functions which have received the highest and 
lowest levels of computer impact. Table XVII on the following page 
summarizes those twenty items which were reported by the managers at 
the three firms studied as having received the most severe effects 
from the introduction of computers and information technology, while 
Table XVIII presents an antithetical series comprised of the twenty 
data items perceived by all categories of respondents as being least 
affected by EDP efforts.
The absolute median values measured on the four-point ranking 
scale (on which 0 = no effect, 1 = slight, 2 = moderate, and 3 = 
much impact) serve as the primary determinants for arraying the magni­
tudes of computer impact, while mean values derived from the same 
scale are again presented as supplementary reference points. The 
rankings reported in these two tables represent mathematical averages 
of the absolute medians and means for the responses of the eight 
groups of managers answering the questionnaire, weighting the pat­
terns of each category equally, regardless of the numbers of managers 
participating in the study.
The highest median level of impact reported by the total
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TABLE XVII
TWENTY SPECIFIC DATA ITEMS REPORTED 
BY TOTAL SAMPLE OF RESPONDENTS AS 
RECEIVING HIGHEST LEVELS OF IMPACT
Data Item Function ‘Median Me
Proportion of Time Required Planning 2.81 2.
Depth of Back-up Statistics Controlling 2.19 1.
Filing and Storing of Written Data Controlling 2.13 2.
Scope of Subjects Encompassed Planning 2.06 1 .
Demand for Creative Thinking Staffing 2.06 1.
Quickness of Corrective Action Controlling 2.00 1.
Overall Complexity of Plans Planning 1.94 1.
Amount of Detail in Plans Planning 1.94 1.
Range of Alternatives Available Planning 1.88 1.
Demand for Analytical Abilities Staffing 1.81 1.
Use of Scientific Method Planning 1.81 1.
Amount of Specialization Organizing 1.81 1.
Use of Budgeting Techniques Controlling 1.81 1.
Dependability of Timely 
Information for Control Controlling 1.75 1.
Accuracy of Forecasts Planning 1.63 1.
Use of Information Feedback Controlling 1.63 1.
Coordination of Plans of 
Different Departments Planning 1.63 1.
Formality of Plans Planning 1.63 1.
Challenge of Your Position Staffing 1.56 1.
Use of Quantitative Measures Controlling 1.50 1.
an
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98
01
92
78
87
89
81
78
88
79
78
41
65
69
65
58
54
50
44
mTABLE XVIII
TWENTY SPECIFIC DATA ITEMS REPORTED 
BY TOTAL SAMPLE OF RESPONDENTS AS 
RECEIVING LOWEST LEVELS OF IMPACT
Data Item Function Median Mean
Demands for Your Talents 
Outside the Company Staffing 0.06 0.58
Your Role in Interviewing and 
Selecting Subordinates Staffing 0.25 0.39
Job Security. You Enjoy Staffing 0.25 0.52
Scope of Personnel Matters 
You Handle Direc ting 0.31 0.58
Recognition to Reward Good Work Directing 0.38 0.71
Tendency Toward Empire Building 
(Accumulation of Subordinates) Staffing 0.38 0.78
Importance of Performance
Appraisals for Your Group Staffing 0.38 0.80
Policy of Promotion from Within Staffing , 0.44 0.57
Status of Your Position Organizing 0.56 0.70
Use of Simulation Models Planning 0.56 0.73
Importance of Organization Chart Organizing 0.56 0.73
Power of Informal Groups Organizing 0.56 0.78
Use of Personnel Inventories Staffing 0.56 0.83
Need for Rules and Discipline Directing 0.63 0.79
Balance of Authority and Accountability Organizing 0.63 0.85
Amount of Authority You Delegate 
to Subordinates Organizing 0.69 0.86
Application of Psychology and 
Motivation Theory Directing 0.69 0.88
Esprit de Corps of Work Group Directing 0.75 0.64
Your Role in Setting up Job 
Positions and Activities Organizing 0.75 0.77
Efficiency of Recruiting Staffing 0.75 0.82
175
sample of managers was a 2,81 magnitude for the "proportion of time 
required" for planning activities, as shown in Table XVII. The 
unadjusted responses (including both positive and negative directions 
on the questionnaire's seven-point scale) indicated variations in 
effects on different groups of managers, with some reporting less 
time now devoted to the planning function and others perceiving 
larger proportions of their total managerial efforts being required 
to discharge planning responsibilities. The net effect, however, 
appears to be that the computer has decreased the total percentage 
of time spent on planning activities by the total sample of 
respondents. According to the managers questioned, much time which 
previously was devoted to the routine clerical efforts involved in 
assembling the information required for planning decisions can now 
be reserved for other managerial functions.
On the other extreme, the lowest median level of impact re­
ported by the total sample of managers answering the questionnaire 
was a 0.06 magnitude, in response to the staffing question, "demands 
for your talents outside the company," This extremely low ranking 
may have been partially influenced by a generally defensive attitude 
on the part of some managers regarding the utility of human 
decision making versus machine "thinking." All rankings on the 
seven-point scale were at either the 0 = "no effect" or +1 = "slightly 
more" levels. This appears to indicate that none of these managers 
would admit openly that the advent of the computer constitutes a 
threat to the value of their managerial services, as had been 
suggested by some early prognostics tors. On the other hand, none
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would say that their outside opportunities have been particularly 
enhanced by EDP.
The other nineteen data items which were reported as having 
been most affected by computerization focus largely on those aspects 
of managerial activities concerned with the use of relatively large 
volumes of information for decision making. As shown in descending 
order in Table XVII, the range of magnitudes for the twenty ques­
tions drawing the highest rankings falls from the 2.81 maximum to 
1.50 on the 0.00 to 3.00 absolute scale. All of these values may 
accordingly be rounded to indicate computer impact severities at or 
above a "moderate" level.
In addition to the first factor regarded as having received an 
extremely low computer impact, the other nineteen questions appear­
ing in Table XVIII revolve primarily around human values and per­
sonnel matters. The range of absolute median values for this group 
of data items ascends from the 0.06 level for the factor already 
cited to 0.75 rankings on the 0.00 to 3.00 scale, thus indicating 
impacts all below the 1.00 = "slight" magnitude. The rankings of 
the total sample medians for all specific data items other than 
these forty noted as being either particularly high or low fall 
between the 0.?5 and 1.50 levels on the four-point absolute scale, 
thus substantiating the evidence presented in Chapter VI in support 
of the second hypothesis asserting only evolutionary changes to date.
Further conclusions regarding which of the five primary cate­
gories of management activities have been affected most and least 
by the computer efforts at the three firms studied are presented in
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the next section.
Effects Largest on Planning and Control Functions
The data presented in Table XVII show that the aspects of 
management activities perceived as having been affected to the 
highest degree by computerization in the three firms studied concern 
the planning and control functions. Of the twenty data items with 
the highest median rankings by all groups of respondents, nine are 
contained in the planning section of the questionnaire, concerning 
factors such as "scope of subjects," "overall complexity," "range 
of alternatives," "use of scientific method," "degree of formality," 
and other planning considerations. Another seven are a part of the 
controlling series, probing such areas as "depth of back-up 
statistics," "quickness of corrective action," "filing and storing 
of written data," "use of budgeting techniques," "use of information 
feedback," and the like. Three of the other four high-ranked 
questions are related to the overall characteristics of managers' 
roles--"demands for creative thinking" and "analytical abilities," 
along with the "challenge" requirements of the respondents' positions. 
Thus, these three factors are primarily staffing considerations; 
while the last, concerned with "amount of specialization," is usually 
recognized as an organizational design matter.
Table XVIII presents data, on the other hand, which indicate 
that various aspects of management's organizing, staffing, and 
directing functions have been affected the least by computers and 
information technology in the three firms studied. Nineteen of
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these data items are accounted for by these composite-activity cate­
gories: six under organizing, eight within staffing, and five factors
related to directing. Representative topics include questions re­
garding respondents' roles in "interviewing and selecting sub­
ordinates," "setting up job positions and activities," and the like; 
along with the "use of personnel inventories," "need for rules and 
discipline," " balance of authority and accountability," "appli­
cation of psychology and motivation theory," and other related 
aspects of personnel management.
The one additional question ranked low by the majority of 
respondents was one of the planning items, which, when compared to 
other related questions, seems to be out of place. Perhaps the 
limited pre-testing of the questionnaire failed to disclose a degree 
of confusion associated with some respondents' lack of familiarity 
with "simulation model-building." There are a number of such EBP 
applications now in progress at Petro-Chem Refinery, but managers 
at the Full-Line Store and Com-Serve Bank (particularly at lower 
supervisory levels) have not yet had occasion to becane widely 
exposed to these planning techniques. Such a situation might easily 
account for the unusually low computer impact attributed to this 
planning activity.
These detailed findings largely corroborate the response 
patterns shown in Table V on page 142 in Chapter VI. Table V 
summarizes the composite pictures of computer impacts on the five 
major functions reported by the eight groups of managers answering 
the questionnaire. Overall averages computed separately for the
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medians under each primary functional category in this table take 
into consideration all ninety-two detailed questions rather than 
only those forty associated with the largest and smallest computer 
impact severities. For the total sample of respondents, the average 
absolute median values are: 1.38 for planning, 1.00 for organizing,
0.94 for staffing, 0.75 for directing, and 1.25 for controlling.
Thus, when all responses are considered the gaps in impact 
levels among functional categories are narrowed somewhat, but the 
EDP effects on planning and controlling activities still rank sub­
stantially higher than the perceptions which managers at the three 
case study firms reported for the organizing, staffing, and directing 
functions.
Supplementary information obtained from the companies' files 
further substantiates these findings. Large numbers of specialized 
reports monitoring operations which previously were not available to 
facilitate management's planning and controlling of production flows 
at the Petro-Chem Refinery are now common. On the other hand, 
Petro-Chem's organization structure has not undergone any funda­
mental shifts because of EDP. While significant numbers of operative 
and clerical positions have been eliminated through years of growing 
experience and advancing technology, major managerial positions and 
functions have been affected much less by computerization than by 
international corporate maneuvers to provide for the efficient 
management of a rapidly expanding global theater of operations.
Supplementary sources of information from documents at the 
Full-Line Store and Com-Serve Bank indicate similar situations. On
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the one hand, new reports containing large volumes of data for 
planning and control purposes now exist, many directly resulting from 
computer applications. But again, except for the elimination of 
numerous clerical employees at the bank (including, for example, 
the total disappearance of the old fifty-man bookkeeping department), 
the organisation structures of these two firms have not changed much 
because of computerization. The store, because of recent growth, 
now has a larger number of operative employees (primarily sales 
and service staffs) than existed in pre-computer days, although the 
number of clerks in the credit department has declined in response 
to updated processing techniques. These changes, however, are not 
really relevant to the study of effects on managerial functions 
which comprises the thrust of this research.
Although there are many similar results of computerization 
in evidence at the three organizations studied, there do exist 
significant differences, as discussed in Chapter VI. The next 
section of this chapter reports magnitudes of computer-fostered 
change for these differences disclosed by the executives at the 
three firms examined.
Greatest Computer Alterations at Bank
As Table XIX on the following page shows, executives at the 
bank voiced the greatest recognition of alterations in their 
managerial activities, even thouj$a computer efforts there did not 
begin until 1962. Of the eight groups at various levels in the 
three firms answering the questionnaire, top managers at the bank
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expressed the greatest realization of ccr.iputer-fostered change. The 
overall median of 2.00 for this subgroup designates a "moderate" 
level of impact on the four-point absolute scale, while the total 
sample of bank managers reported an EDP effect at the 1,40 level.
TABLE XIX
OVERALL MEDIAN AND MEAN LEVELS 
OF COMPUTER IMPACT REPORTED BY 
MANAGERS IN DIFFERENT FIRMS
Category of All Functions
Respondents Median Mean
Refinery
Top 0.70 0.89
Middle 1.00 1.05
Lower 1.40 1.54
Total 1.03 1.16
Store
Top 0.20 0.66
Middle 1.00 1.03
Lower X * X *
Total 0.40 0.56
Bank
Top 2.00 1.80
Middle 1.00 1.27
Lower 1.20 1.25
Total 1.40 1.44
*There are no figures for lower level managers at the store since 
this group of respondents is not represented in the questionnaire 
data. Interview information indicates that their rankings would 
be near 0.00.
The refinery managers' responses indicated that their organi­
zation has experienced the second largest degree of computer impact,
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with a composite median calculated at the 1.03 level. Even though 
the array of computerized activities at the refinery is much broader 
than that at the bank, many of the refinery applications do not por­
tray quite the same degree of high-speed, high-volume activities (and 
resulting glamour*) involved in commercial bank management computer 
efforts. The top management executives at the refinery reported a 
substantially lower severity of impact than did their counterparts 
at the bank. This undoubtedly indicates to some extent that the 
context of massive production operations within which they evaluated 
computerization affected their perceptions in a manner quite 
different from that resulting from the ambient financial data pro­
cessing background prevailing at the bank.
The store, on the other hand, is really just beginning to com­
puterize several major activities, and its managers, accordingly, 
have noted far fewer changes in their basic functions than those 
reported by executives in the first two organizations. The lowest- 
level store supervisors, for example, have experienced virtually no 
impact at all so far, according to the interviews conducted at this 
firm. With these lower-level managers not even responding to the 
questionnaire, the assumption of their probable overall response 
rankings close to 0.00 produces a composite median of 0.40 for all 
managers at Full-Line. This accounts for the large number of signi­
ficant differences reported in Chapter VI for inter-firm comparisons 
of computer changes related to specific management activities.
Table V on page 142 in Chapter VI provides more detailed numer­
ical data partitioned on a functional category basis, as well as
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differentiating among the responses of various groups of managers.
The top bank executives, for example, rated most of the factors 
regarding controlling functions as being highly affected by com­
puterization. They reported that planning, organizing, and staffing 
activities received a moderate impact, while the magnitude of change 
accorded their directing tasks was only slight. On the other extreme, 
top executives at the store recognized very few computer-fostered 
changes in any major functions other than planning, thus generating 
the low 0.20 overall median depicted in Table XIX.
The patterns of responses of various other groups of managers 
may be gleaned from a review of the medians and means reported in 
Table V. As already noted, the strongest impacts were generally 
recognized in the planning and controlling areas, while factors 
related to organizing, staffing, and directing have been almost 
universally reported as being affected to a lesser extent.
With the broad patterns of computer-impact magnitudes identified 
for categories of functions and types of firms, similar com­
parisons among various levels of managers are also of interest.
Middle and Upper Levels Changed Most
The level of management does not seem to be as strong a deter­
minant of computer impact as either the characteristics of particular 
functions or the differences among types of firms. Summarizing 
across all three case study firms, middle-level managers reported 
the most significant alternations in their functions. Depicted in 
Table XX on the next page, the overall computer impact median of 0.97
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for top managers, as opposed to the 1.00 level for middle managers, 
however, indicates that these two groups of executives have 
perceived changes very similarly in terms of degree of severity. 
Their differences of opinion, as already discussed in Chapter VI, 
wereprimarily those pertaining to which specific factors have been 
affected at particular levels of severity.
TABLE XX
OVERALL MEDIAN AND MEAN LEVELS 
OF COMPUTER IMPACT REPORTED BY 
MANAGERS AT DIFFERENT LEVELS
Category of All Functions
Respondents Median M ean
Top Level
Refinery 0.70 0.89
Store 0.20 0,66
Bank 2.00 1.80
Total 0.97 _ 1.12
Middle Level
Refinery 1.00 1.05
Store 1.00 1.03
Bank 1.00 1.27
Total 1.00 1.12
Lower Level 
Refinery
Store x* x ’
Bank 1.20 1.25
Total 0.87 0.93
*There are no figures for lower level managers at the store since 
this group of respondents is not represented in the questionnaire 
data. Interview information indicates that their rankings would 
be near 0.00.
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Lower-level managers' overall reported magnitudes of computer 
influences have been reduced by the situation of the supervisors at 
the store, who have noted practically no EDP-fostered changes in their 
functions. The composite median of 0.87, however, tends to obscure 
the fact that lower managers at both the refinery and the bank 
reported significantly higher overall magnitudes of computer effects. 
Without their extremely low-ranking counterparts at the store, these 
other two groups of supervisors could have scored among the highest 
perceptions of computer effects.
The most pertinent data to consider in evaluating the response 
patterns for different levels of managers, then, seem to focus on 
specific composite activities of selected management functions rather 
than overall magnitudes of impact. The third series of Kolmogorov- 
Smirnov analyses presented in Chapter VI accomplished this task by 
identifying factors of statistically significant differences among 
levels of managers.
Other Brief Observations and Summary
While the majority of this study has focused on differences, 
a number of observations regarding the impact of the computer on 
management functions have been recounted universally by almost all 
groups of managers questioned. In virtually every case there have 
been both positive and negative expressions of opinion regarding the 
nature of the computer's effects. Some of the more prevalent view­
points are summarized through the following excerpts from answers 
offered in response to open-end questions in the instrument and
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supplementary depth interviews.
Typical pro-computerization comments indicate that computers 
and information technology appear to:
1. Reduce clerical and routine work
2. Obtain better information for decision making
(both faster and more accurately)
3. Reduce manpower needs and costs
4. Improve control over activities
5. Enable otherwise impossible tasks
6. Improve coordination of efforts
Other statements representing anti-computerization attitudes 
include the assertions that computers tend td:
1. Reduce flexibility (must adhere to computer schedule)
2. Inundate managers with too much information
3. Generate unreliable data ("garbage in--garbage out")
4. Increase difficulty of locating errors
5. Create excuses for mistakes
6. Make work more impersonal
In summary, the evidence gathered in this research indicates 
that although differences among groups of managers dictate dis­
similar perspectives on computer impacts, a number of generalizations 
appear to be supported. Information technology and EDP have exerted 
their most substantial effects in areas characterized by the 
utilization of large volumes of information in management decision­
making processes. Hence, the planning and controlling functions 
have been altered more significantly than have other managerial 
activities. Because the bank and refinery revolve around information 
processing operations which require more critical coordination than 
do the activities of the store, and because computer applications 
represent a more matured endeavor at the two former firms, the 
managers of these organizations have perceived an overall level of 
computer impact which is higher than that reported by store
executives. Moreover, statistically-significant differences exist 
among the particular management composite activities recognized by 
different levels of managers as receiving varying degrees of EDP- 
fostered change. Middle-level managers at the three firms studied, 
however, have not been faced with computer effects particularly more 
severe than those encountered by top managers at the same firms, or-- 
except for the single case of store supervisors--by lower-level 
managers in these companies.
Chapter VIII, which follows, draws conclusions and implications 
from these findings along with those presented in support of the 
hypotheses in Chapter V I .
CHAPTER VIII 
CONCLUSIONS AND IMPLICATIONS 
FROM THE RESEARCH
The computer, in only a decade and a half, has virtually 
become an institution in business management. As the procedures 
for using this highly prominent symbol of advancing technology are 
continuously refined and adapted more widely for business and 
general administrative applications, it is clear that managers are 
to be affected as they seek to discharge their functions with 
greater efficiency and effectiveness.
Restatement of Objectives
The purpose of this research involves three investigative 
objectives: (1) to explore in the literature the prognostications
and observations of various writers recognized as being knowledge­
able regarding the impact of computers on management; (2) to 
examine through primary research the experience and expectations of 
practicing managers in order to determine what effects computeri­
zation is exerting on the basic nature of the activities which they 
perform; and (3) to compare the writings in the literature to the 
findings of this empirical field research, subsequently providing 
a basis for the extrapolation of implications for the future.
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The conclusions drawn from this research, in striving to achieve 
these basic objectives, are directly applicable only to the three 
companies participating in the study. Certain generalities emerge 
from the evaluation of the evidence obtained--using top, middle, 
and lo\jer-level managers in firms emphasizing production, marketing, 
and financial viewpoints of the computer’s effects on management.
These broad statements, either as they appear to be applicable to all 
groups of managers in the three case study firms or as their relevance 
is found to be limited to certain categories within the total sample, 
however, are subject to further testing before they can be legiti­
mately extended to cover additional situations. With this 
perspective reemphasized, the conclusions and implications resulting 
from the investigation are summarized.
Support for Hypotheses
This study tested six hypotheses related to the magnitude of 
impact of the computer on traditional management functions. The 
thrust of each of these hypotheses is restated; and a digest of the 
evidence obtained from the study is repeated to demonstrate the 
validity of each postulation.
The first hypothesis makes the very general statement that the 
advent of the computer has brought changes to the specific activities 
which managers perform in order to discharge their primary functions. 
All subgroups within the total sample of managers, with the exception 
of one (lower-level supervisors at the department store), agreed that 
computerization has brought detectable changes to their work. Even
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including the one negative subgroup, almost 95 percent of all of the 
managers participating in the research affirmed this hypothesis.
The second research hypothesis asserts that these computer- 
fostered changes, although broadly recognized by managers in various 
types of situations, have only been evolutionary so far. The 
evidence obtained through the field research in the three case 
study firms also supports this hypothesis very conclusively, with 
almost 92 percent of all of the executives assessing the effects of 
the computer on their functions perceiving these changes as being 
only gradual rather than abrupt or revolutionary. The overall level 
of impact, as measured primarily by questionnaire responses, has been 
only "slight" to date.
The third hypothesis makes a projection for the future, in­
dicating that managers expect the rate of change in the performance 
of management functions generated by the computer to accelerate.
A slight majority of the managers in the total sample, amounting to 
almost 60 percent, anticipate the faster rate of change in the 
future which is asserted by the hypothesis. With over 26 percent of 
the respondents predicting future changes at about the same rate as 
experienced in the past and almost 14 percent forecasting a slower 
pace, however, the support for this conclusion is not as decisive as 
that for the first two postulations.
The fourth, fifth, and sixth research hypotheses assert that 
there are differences among various partitioned groups of managers 
and specific functions, concerning the changes resulting from EDP 
and information technology. That the computer impact varies by
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category of management function is shown by a number of statistically- 
significant differences generated by holding constant each subgroup 
of managers in the sample and making comparisons among types of 
activities. Similarly, as the type of firm and level of management 
were successively manipulated while maintaining the other variables, 
additional statistically-significant differences in the severity 
of computer impact resulted. Using the Kolmogorov-Smirnov test as 
the primary analytical procedure, 48 percent of all such comparisons 
made demonstrate the validity of these last three hypotheses. The 
respective proportions of statistically-significant differences 
indicated for the last three hypotheses are 45 percent for number 
four, and over 51 percent each for the fifth and sixth postulations, 
definitely affirming that the impact of computerization is not 
universally the same.
Supplementary Research Findings
With all six basic research hypotheses supported to varying 
extents by the field investigation-~two highly conclusively, three 
substantially, and the other one moderately--additiona1 conclusions 
result from supplementary findings. Specific aspects of the five 
traditional management functions were identified by the chi-square 
and median statistical tests as being those subvariables which are 
associated with the differences asserted in the last three research 
hypotheses. Computer impacts on other aspects of these primary 
managerial activities were shown to have extremely high positive 
correlations among various groups of respondents, thus identifying
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them as being very unlikely to cause inter-group variations in the 
effects of computerization.
Although not required to support the basic research hypotheses, 
the relative levels of computer impact perceived by managers at 
different levels in the three case study firms regarding particular 
functions are of supplementary interest. The greatest changes on 
the basis of organization type, for example, were reported by 
managers at the commercial bank, with impacts at the refinery falling 
close behind, and changes at the department store representing the 
least impact. Overall, middle-level managers have experienced the 
most substantial computer-related effects on their activities, fol­
lowed by top-level executives reporting only slightly fewer changes. 
Moreover, except for supervisors at the store, with its limited 
computerization efforts so far, the impact perceived by lower-level 
managers is quite close to the effects reported by the other groups.
Planning and controlling, which involve relatively larger 
volumes of data analysis for decision making than do the other 
managerial functions, were reported by the research participants 
as being most affected by computerization. Organizing activities 
show a lower level of computer impact, while staffing and directing 
functions apparently have been affected very little so far.
The managers in the three firms studied are divided in their 
attitudes toward the benefits and drawbacks of computers, citing 
reduced manpower and costs, improved decision making, and the like, 
on one hand; as opposed to information input-output time 
scheduling constraints necessitated by computer operations,
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inundation with excessive data, and more impersonal work, on the 
other. While the responses indicate a general perception of some­
what greater efficiency as a result of computer applications, the 
feelings pertaining to such subtle factors as job interest and self- 
fulfillment are inconclusive, except as they indicate the absence of 
opinions expressing dissatisfactions resulting from computerization.
Literature and Empirical Comparisons
The predictions and observations of recognized "experts" and 
"scholars" expressed in the literature indicate extremely divergent 
thoughts regarding the computer's impact on management. Some 
early observers (such as Leavitt and Whisler, 1958) predicted much 
more extreme effects than have later writers. Coincidentally, 
empirical researchers' findings of this early period (Hoos, 1960, for 
example) tended to support a number of such prognostications as 
the elimination or combining of many middle management jobs, exten­
sive recentralization of authority, expanding powers of EDP personnel 
undercutting managerial prerogatives, and the like.
Different observers' predictions and researchers' empirical 
findings of the computer's impact made soon thereafter differed 
substantially. Some (including Anshen, 1960, among others) foresaw 
the enhancing of middle managers' work, relatively little managerial 
importance being assumed by EDP staff, and the mere slowing down of 
decentralization rather than rapid moves to recentralize authority. 
Support by correlary field studies (like that of Shaul, 1964) included 
findings such as a growing complexity of middle-level managers' jobs,
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and no reduction in needs for this group, along with slight recentral­
ization trends.
Following these divergent generalizations, a third trend in the 
literature presented the thesis that it is really the company 
philosophy and attitude of management which governs the impact the 
computer is to exert. One writer (Burlingame, 1961), for example, 
asserted that either increased centralization or decentralization may 
result from computerization, depending on how EDP is applied. Sub­
sequent research studies (including that of Lee, 1965) supported this 
point of view, generally indicating only limited movement in either 
direction, somewhat facilitated by computers.
Some of the more recent predictions (Dearden, 1964 and 1967) 
and field observations (Brady, 1966) reflect the opinion that, despite 
strong statements of diverse notions to the contrary, computers are 
now having, and will have in the near future, very little impact on 
top-level and divisional management. A reversion back to somewhat 
earlier thinking now appears to be in favor (as represented by Hunt 
and Newell, 1971), with the major premise being that the computer 
impacts which materialize depend upon the specific situation, in­
cluding technological, organizational, managerial, and other unique 
factors surrounding the use of a given computer system.
The findings of the current research project support this final 
point of view; and in examining the experiences of executives who 
manage the operations of three diverse companies, affirm hypotheses 
which indicate that differences in computer impact result from 
dissimilar company problems and technologies, along with disparate
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levels in the hierarchies of authority.
While the computer effects recognized at all three case study 
firms represent slight-to-moderate levels of impact on managerial 
functions, the precise magnitudes vary as already indicated. More­
over, while the total impact of the computer on a given company may 
appear to be measurable in an approximate sense, the variations 
among different types of departments and levels of management are 
significant.
In all three of the firms examined, the prevailing managerial 
philosophy expressed is one of decentralization. Given the nature of 
its semi-autonomous sales departments, the store is able to make 
this philosophy operational more fully than either the refinery with 
its closely interrelated production operations or the bank with its 
legal and fiduciary needs for central controls.
Of all the combinations of management groups and specific 
functions examined, top executives at the bank, reflecting computer 
effects on their controlling activities, ranked the magnitude of EDP 
impact the highest. This strong correlation between computer 
influence and centralization, however, seems to be much closer to 
that predicted by Burlingame (specific managerial attitude in a 
given situation), rather than fulfilling the sweeping generalization 
projected by Leavitt and Whisler. Both the store and refinery 
managers expressed the opinion that the computer offers the potential 
to decentralize more effectively (in agreement with the correlary 
prediction by Burlingame).
The Dearden and Brady observations that top management per-
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ceives relatively little computer impact and does not really utilize 
the computer directly for decision making as much as it calls upon 
EDP-supported middle management to provide more accurate recommenda­
tions based on their direct use of computer data seem to be sub­
stantiated by this research. However, while middle-level managers 
are affected by computerization at the three case study firms some­
what more strongly than are their higher and lower counterparts, the 
impacts are at no level yet very abrupt or revolutionary. The future 
may--ormay not-~bring about the much more drastic changes suggested 
by some earlier writers such as Leavitt, Whisler, and Hoos. The 
experiences and expectations of the managers at the three firms 
studied do not suggest that the computer will eliminate middle-level 
managers, cause extensive reorganizations of authority structures, 
or enable an elite group of EDP personnel to assume managerial 
functions and superior levels of status in the foreseeable future.
Impliestions for Future Managers
Since the conclusions drawn from this research indicate that 
computers have not yet caused the radical transformations predicted 
by some writers, the resulting implications for managers are not 
especially profound at this time. It is significant, however, that 
the top administrators and EDP personnel at all three organizations 
examined in this study project substantially more sophisticated com­
puter applications at their firms in the relatively near future. The 
attitude in each case is similar to the statement, "If you return to 
review our EDP capabilities in two or three years, there will be a
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totally different picture, with highly complex programs now in the 
development stage becoming operational."
The "systems viewpoint" appears to be a major key to successful 
computer-supported management in coming years, as noted by execu­
tives at the three firms participating in this research. Petro-Chem 
Refinery already has the programming effort well under way for its 
new "data base" system, with all integrated components to draw 
information for multiple purposes from one centralized storage bank. 
Both the Full-Line Store and the Com-Serve Bank also plan to expand the 
EDP systems which service their present applications in order to 
obtain on-line, real-time capabilities in the future, using remote 
input-output terminals to facilitate the handling of customer 
inquiries and other special problems unique to each.
In all three cases, the underlying objective of greatest impor­
tance is the planned development of a single integrated EDP system 
which will coordinate all information flows, and hence, all decision 
making. Whether organization structures and hierarchies of authority, 
line and staff relationships, and communication channels, along with 
other major characteristics of these firms, will shift to conform to 
these integrated "total systems" is still a matter of conjecture.
But it is apparent that the basic point of view to be assumed by 
future executives will undoubtedly have to be broader than the more 
limited (and frequently sub-optimizing) departmental scope which 
seems to be fairly common at this time. Results of the current 
study indicate that the planning and control functions will probably 
become more closely inter-related in the future, with the computer
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continuing to affect these two areas of managerial activities more 
strcngly than other functions.
The placement of the computer center and its resulting status 
has enjoyed great advancement in organisational hierarchies since 
the early EDP days, but it seems unlikely at this time that signifi­
cant amounts of additional prominence will be enjoyed by EDP staffs 
at the three case study firms in the future since their managers 
are already reporting directly to the top line executives in two 
of these three organizations. While the advice which they render is 
carefully considered and their functional authority regarding the 
timing of certain data submission and other limited operation- 
oriented areas is unquestioned, no direct line authority for these 
groups is presently being contemplated.
Staffing and directing functions have been affected relatively 
little by computerization so far, but managers at the three firms 
studied appear to anticipate two major areas of change; (1) expand­
ing needs and efforts in training and development--especially at the 
managerial level, to complement programs for operative employees; 
and (2) attempts to "humanize" work by removing some of the im­
personality generated by EDP and automation in general. In order 
to utilize effectively the advances which the computer promises, 
managers must be educated to appreciate what can and cannot be 
accomplished by machines and information technology--as well as how 
to make use of the capabilities offered. Simultaneously, their 
feelings of personal importance and self-fulfillment must be main­
tained .
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Although better information will be available for decision 
making in the future, it is quite likely that the problems to be 
solved will be much more complex. The very nature of the "total 
systems" approach is to attempt to consider all (or as many as 
possible) of the components or subsystems comprising the total 
situation in developing and choosing among alternatives. A number 
of powerful forces are acting in the environment to alter the 
opportunities and the challenges, the means and the constraints, 
and the propensities and the demands to be experienced by managers 
of business organizations. In particular, such trends as a growing 
independence of employees, expanding role of government and the 
legal environment, increasing sophistication of competitors, far- 
reaching demands of society for betterment, and the like must be 
analyzed by managers who expect to lead their organizations success­
fully. Demands for creativity and imagination in using computers as 
effectively as possible will undoubtedly tax future executives, with 
each organizational environment presenting unique problems.
Suggestions for Further Research
One additional major implication resulting from this investi­
gation concerns the conduct of further research to ascertain the 
impact of computers on managers and their roles in organizational 
administration. If, as Peter Drucker has asserted, changes in the 
tools and concepts which managers employ will change not only what 
they do and how they do it, but indeed, what they are;^ then it
Ipeter F Drucker, "Management1s New Role," Harvard Busi­
ness Review, XLVII (November-December, 1969), 50.
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should be of paramount importance to monitor closely future computer 
developments and impacts as they occur.
One of the most efficient means of accomplishing this surveil­
lance, as suggested by the results of this project, appears to be 
the partitioning of research efforts in order to determine more 
accurately the experiences of particular groups of managers regarding 
specified aspects of their work, rather than attempting to make all- 
inclusive generalizations. While the three criteria used to sub­
divide the evidence in this study are (1) type of firm, (2) level 
of management, and (3) functional category of activities; many 
other potential breakdowns could be utilized.
Major studies might be conducted to determine whether differ­
ences in computer impact are associated with (1) specialized EDP 
applications and cumulations of computer experience, (2) line versus 
staff management orientations, (3) varying longevities of managerial 
service within a firm, particularly in specified capacities, (4) dis­
similar types of managerial decision-making objectives and con­
straints, and (5) unique managerial philosophies regarding various 
selected issues such as centralization versus decentralization, use 
of formal and informal organization and authority, desires for 
flexibility versus standarization and routinization, and attitudes 
toward responsibilities for and motivation of employees.
It is quite clear that it is impossible to isolate totally 
each individual variable which may affect the impact pattern which 
computerization exerts on the nature and performance of particular 
managerial functions. This problem is noted as being one of the
201
limitations to be considered in evaluating the results of the current 
research project. To the extent feasible, however, future studies 
should pursue the basic goal of generating accurate predictive 
analyses for specific situations rather than developing broad 
statements possessing no real utility for individual practicing 
managers.
It is suggested that two seemingly contradictive objectives 
be sought. On the one hand, in-depth analyses provide much more 
useful insights than do surface generalizations. On the other hand, 
studies involving relatively large numbers of firms--within which 
certain operations, groups of managers, types of functions, etc. 
are specified--should produce more valid observations than examin­
ations of, say, only one or two firms representing these character­
istics. Hence, it is recommended that in combining these two 
basic objectives, the most beneficial further research projects 
might involve in-depth analyses of relatively narrow aspects of 
computer impact within large, fairly homogeneous groups of organi­
zations. By combining the results of a number of such in-depth, 
limited-scope studies, researchers should obtain increasingly 
accurate reflections of the total picture representing the impact 
of the computer on the nature and performance of traditional 
management functions.
APPENDIX A
A CASE-STUDY QUESTIONNAIRE
(Instrument Presented as Used in Research)
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THE IMPACT OF THE COMPUTER 
ON TRADITIONAL MANAGEMENT FUNCTIONS
^ Case-Study Questionnaire
This questionnaire will attempt to determine some of the effects of 
computers on the traditional functions of managers at various levels in 
three organizations. A petroleum refinery, a retail department store, and 
a commercial bank are participating in the study in order to incorporate 
the viewpoints of production, marketing, and finance organizations.
This questionnaii*e is completely confidential, and your answers 
will be used only in the computation of statistics for various groups of 
respondents. Much of the information sought is the expression of personal 
opinions, based on your working experiences, observations, and predic­
tions for the future.
Because the same questionnaire is being used in three different 
companies, and at organizational levels ranging from the president or gen­
eral manager to first-line supervisors, you may feel that some of the 
questions do not apply to you. Even in these cases your personal feelings 
would be appreciated, but you may check "no opinion" if you prefer.
Please give the questions whatever thought you feel is necessary
for developing meaningful answers, and return the questionnaire to the
appropriate office noted below, sealed in the attached envelope, by next
Tuesday, August 25th. Thank you very much for your valuable help.
K. R. Van Voorhis 
L.S.U. Doctoral Student
204
PART I. GENERAL INFORMATION
Please fill in the blanks provided using words, short phrases, 
and numbers. Be as specific as possible in answering, even 
though some of the questions are quite broad.
A. Identification of Position for Grouping Answers
1. Company Represented: Refinery ___ Store ___  Bank____
2. Present Position
Length of Time in Present Position ________________________
3. Previous Position _______________________________________________
Dates Previous Position Held _______________________________
Note: If you have been in your present position for only a
short time (six months or less) please answer ques­
tionnaire from the viewpoint of your previous position 
and check here. ____
B. Brief Description of Nature of Your Work (as specific as possible)
1. Major Responsibilities _________________________________________
2. Other Functions
C. Primary Ways in Which Computers Affect Your Work
1. Direct Output to You ________________________
2. Direct Input from You
3. Indirect Influences
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D. Broad Profile of Overall Time Utilization Approximate
Hrs./Wk.
1, Managerial Functions, Including: or % Time
a. Planning--
(Deciding goals and general approach to achieve) ____
b. Organizing--
(Setting up specific positions and activities) ____
c. Staffing--
(Assigning activities and keeping positions manned) ____
d. Directing--
(Guiding, motivating, and supervising subordinates) ____
e. Controlling-"
(Measuring performance and correcting deviations) ____
2, Mon-Managerial Functions
(Selling, Engineering, Accounting, etc.)_________________ ____
Total (Please note hrs. or % t i m e ______________ ) ____
E. Major Differences Your Job Would Entail Without Computers
1. Shifting of Above Time Utilization ___________________________
2. Efficiency and Effectiveness
3. Interest and Self-Fulfillment __________________________
4. Other _____________________________________________________
F. Your Opinions Regarding Current Usage of Computers in Firm
1. Pro
2. Con
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G. Pace of Change Resulting from Computerization
1. Evolutionary (gradual) vs. Revolutionary (abrupt) up to
Present Time? __________________________________________
2. Future Changes Likely to be Faster, Slower, or at Same
Rate? Why? _____________________________________________
H. Your Predictions for Future of Computers in Company 
1. New Areas of Application
2. Resulting Effects on Organization and Management
PART IX. SPECIFIC EFFECTS OF COMPUTERS
Please circle the number in the appropriate column to indicate 
your opinion regarding computers' effects on each of the items 
listed on the next several pages. Each of the five major func­
tions of management noted earlier is broken down into more de­
tail, Be sure to show how you feel factors in your job have 
changed with computers as opposed to how they used to be (or 
might be) without computers,
EXAMPLES
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Projection into the Future -3 -2 -1 0 +1 + 2 +3
General Flexibility of Plans -3 -2 -1 0 +1 +2 +3
Use of Scientific Method -3 -2 -1 0 +1 +2 +3
Responsibility for Setting Goals-3 -2 -1 0 +1 +2 +3
Volume of Data Available -3 -2 -1 0 +1 +2 +3
Quality of Data Available -3 -2 -1 0 +1 +2 +3
Extent of Your Subordinates'
Participation in Planning -3 -2 -1 0 +1 +2 +3 X
Use of Simulation Models -3 -2 -1 0 +1 +2 +3 X
Demand for Creativity -3 -2 -1 0 +1 +2 +3 X
Amount of Detail in Plans -3 -2 -1 0 +1 +2 +3 X
Revision of Plans Required -3 -2 -1 0 +1 +2 +3 X
Accuracy of Forecasts -3 -2 -1 0 +1 +2 +3 X
Overall Complexity of Plans -3 -2 -1 0 +1 +2 +3 X
Cost of Planning Process -3 -2 -1 0 +1 +2 +3 X
Scope of Subjects Encompassed -3 -2 -1 0 +1 +2 +3 X
Formality of Plans -3 -2 -1 0 +1 +2 +3 X
Range of Alternatives Available -3 -2 -1 0 +1 +2 +3 X
Amount of Uncertainty Faced -3 -2 -1 0 +1 +2 +3 X
Coordination of Plans of 
Different Departments -3 -2 -1 0 +1 + 2 +3 X
Ease of Implementing Tlans -3 -2 -1 0 +1 +2 +3 X
No
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B . ORGANIZATION
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Span of Control (Number
of Subordinates) You Have -3 -2 -1 0 +1 + 2 +3 X
Decentralization (Passing Down)
of Authority to You from Top -3 -2 -1 0 +1 + 2 +3 X
Amount of Specialization -3 -2 -1 0 + 1 + 2 +3 X
Use of Staff Positions -3 -2 -1 0 +1 + 2 +3 X
Degree of Executive Mobility -3 -2 — 1 0 +1 + 2 +3 X
Status of Your Position -3 -2 -1 0 +1 + 2 +3 X
Combining of Separate Functions -3 -2 0 +1 + 2 +3 X
Elimination of Certain Functions-3 -2 0 +1 +2 +3 X
Number of Levels in Company -3 -2 -1 0 +1 +2 +3 X
Amount of Authority You
Delegate to Subordinates -3 -2 -1 0 + 1 + 2 +3 X
Formality of Communication
Channels -3 -2 -1 0 +1 +2 +3 X
Flexibility of Organization
Structure -3 -2 -1 0 +1 + 2 +3 X
Your Role in Setting Up Job
Positions and Activities -3 -2 -1 0 +1 + 2 +3 X
Use of Group Decisions -3 -2 0 +1 + 2 +3 X
Importance of Organization Chart-3 -2 -1 0 +1 +2 +3 X
Balance of Authority and
Accountability -3 -2 0 + 1 + 2 +3 X
Power of Informal Groups -3 -2 0 +1 +2 +3 X
Use of Systems Viewpoint to
Insure Coordination of Effort -3 -2 -1 0 + 1 + 2 ' +3 X
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C. STAFFING
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Use of Personnel Inventories -3 -2 -1 0 +1 + 2 +3 X
Amount of In-Plant Training -3 -2 0 +1 + 2 +3 X
Efficiency of Recruiting -3 -2 “ 1 0 + 1 + 2 +3 X
Demand for Analytical Abilities -3 -2 0 +1 +2 +3 X
Demand for Creative Thinking -3 -2 -1 0 + 1 +2 +3 X
Your Role in Interviewing and
Selecting Subordinates -3 -2 0 + 1 +2 +3 X
Job Security You Enjoy -3 -2 0 + 1 +2 +3 X
Demands for Your Talents
Outside the Company -3 -2 -1 0 + 1 +2 +3 X
Challenge of Your Position -3 -2 -1 0 +1 +2 +3 X
Training Required for Your Job -3 -2 0 +1 +2 +3 X
Threat of Your Skills 
Becoming Obsolete -3 -2 -1 0 +1 + 2 +3 X
Use of Written Job Descriptions -3 -2 0 + 1 +2 +3 X
Policy of Promotion from Within -3 -2 0 +1 + 2 +3 X
Importance of Performance
Appraisals for Your Group -3 -2 0 + 1 +2 +3 X
Difficulty of Helping Your Subor­
dinates Meet Changing Job 
Skill Requirements -3 -2 0 +1 + 2 +3 X
Need for Bringing In Outside
Talents -3 -2 0 + 1 + 2 +3 X
Machine Replacement of Humans -3 -2 -1 0 + 1 + 2 +3 X
Tendency Toward Empire Building
(Accumulation of Subordinates) -3 -2 -1 0 + 1 +2 +3 X
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D. DIRECTING
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Closeness of Supervision -3 -2 -1 0 +1 +2 +3 X
Need for "Humanization" of Work -3 -2 -1 0 +1 +2 +3 X
Use of Incentives Other Than
Money to Motivate -3 -2 -1 0 +1 +2 +3 X
Degree of Participative
Management -3 -2 -1 0 +1 +2 +3 X
Scope of Personnel Matters
You Handle -3 -2 -1 0 +1 +2 +3 X
Proportion of Time Required -3 -2 -1 0 +1 +2 +3 X
Need for Direct Skills in Area
Managed -3 -2 -1 0 +1 +2 +3 X
Use of Written Communications
(as Opposed to Oral) -3 -2 -1 0 +1 +2 +3 X
Esprit de Corps of Work Group -3 -2 -1 0 +1 +2 +3 X
Number of Employees Looking
to You for Leadership -3 -2 -1 0 +1 +2 +3 X
Ability of Subordinates for 
Self-Direction -3 -2 -1 0 +1 +2 +3 X
Use of Crosswise Communication
Among Departments -3 -2 -1 0 +1 +2 +3 X
Recognition to Reward Good Work -3 -2 -1 0 +1 +2 +3 X
Full Utilization of Subordi­
nates' Talents and Skills -3 -2 -1 0 +1 +2 +3 X
Application of Psychology and
Motivation Theory -3 -2 -1 0 +1 +2 +3 X
Problems of Miscommunication -3 -2 — 1 0 +1 +2 +3 X
Need for Rules and Discipline -3 -2 -1 0 +1 +2 +3 X
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E. CONTROLLING
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Use of Information Feedback -3 -2 -1 0 +1 +2 +3 X
Quickness of Corrective Action -3 -2 -I 0 +1 +2 +3 X
Use of Budgeting Techniques -3 -2 -1 0 +1 +2 +3 X
Depth of Back-up Statistics -3 -2 -1 0 +1 +2 +3 X
Management by Exception
(Concentration on Deviations) -3 -2 -1 0 +1 +2 +3 X
Flexibility of Standards -3 -2 -1 0 +1 +2 +3 X
Use of Quantitative Measures -3 -2 -1 0 +1 +2 +3 X
Executive Scrutiny Over Your Work-3 -2 -1 0 + 1 + 2 +3 X
Filing and Storing of Written Data -3 -2 -1 ‘ 0 +1 +2 +3 X
Dependability of Timely 
Information for Control -3 -2 -1 0 +1 + 2 +3 X
Degree of Your Subordinates' 
Self-Monitoring -3 -2 -1 0 +1 +2 +3 X
Control Through Staff Functions -3 -2 -1 0 +1 +2 +3 X
Use of Simulation to Predeter­
mine Results of Action -3 -2 -1 0 + 1 + 2 +3 X
Emphasis on "Direct Control" 
(Selection of Employees with 
Higher Qualifications)
-3 -2 -1 0 + 1 +2 +3 X
Formality of Coordination -3 -2 0 +1 +2 +3 X
Critical-Point Control
(Concentration on Salient 
Factors)
-3 -2 -1 0 + 1 +2 +3 X
Time-Event Control Models -3 -2 - X 0 + 1 +2 +3 X
Your Responsibility for Setting 
Control Standards -3 -2 0 +1 +2 +3 X
No
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APPENDIX B
THREE NONPARAMETRIC STATISTICAL PROCEDURES
Chi-Square Test for k Independent Samples
Median Test for k Independent Samples
Kolmogorov-Smirnov Two-Sample Test
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Introduction
As discussed in Chapter IV, three nonparametric statistical 
procedures were selected to analyze the questionnaire responses 
because the requirements and assumptions underlying the use of
1
certain more powerful parametric tests were not met by the data.
The three techniques used were: (1) the chi-square test for k inde­
pendent samples, (2 ) the median test for k independent samples, 
and (3) the Kolmogorov-Smirnov two-sample test. The following 
three sections of this Appendix summarize the discussion presented 
in Siegel's authoritative test, Nonparametric Statistics,  ^ and 
illustrate the steps of these procedures using artificial data of 
the general type analyzed in the dissertation research.
Chi-Square Test for k Independent Samples
When frequencies in discrete categories (either nominal or 
ordinal) constitute the data of the research, the chi-square 
test may be used to determine the significance of the dif­
ferences among k independent groups. The measurement 
involved may be as weak as nominal scaling.^
In order to apply the chi-square test, the sample data are first
■^See Chapter IV, Research Design and Methodology, pp. 102-104.
^Sidney Siegel, Nonparametric Statistics for the Behavioral 
Sciences (New York: McGraw-Hill Book Company, 1956) .
% b i d ., p. 175. Also, see pp. 42-47, 104-111, and 175-179 for 
the complete text underlying the summary presented in this section.
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arranged in the form of an r by lc "contingency table," based on ob­
served frequencies of responses. For example, if a number of top- 
level executives and lower-level supervisors are being compared on 
the basis of their perceptions of computer effects on a particular 
managerial activity, scaling the level of impact as "slight," "mod­
erate," or "much," the contingency table might look like this:
Supervisors Executives
Slight 12 32
Moderate 22 14
Much 9 6
Total 43 52
Total
44
36
15
95
Next, theoretically "expected frequencies" of responses are
computed. This is accomplished by multiplying marginal totals for
each cell, respectively, and dividing the product by the overall total.
Thus, for the first cell above, the expected frequency would be:
44 (side tot.) x 43 (bottom tot.) _ 1892 = 19 g
95 (overall total) 95
Continuing in the same manner, a second contingency table of expected
frequencies is derived:
Slight
Moderate
Much
Total
Supervisors Executives
19.9 24.1
16.3 19.7
6.8 8.2
43 52
Total
44
36
15
95
If the actual (observed) frequencies are in sufficiently close
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agreement with the calculated (expected) frequencies, it may be con­
cluded that the differences portrayed by the data are not statisti­
cally significant, but rather, result from chance variations within 
the overall population.
In order to test the null hypothesis (H0) that there is no dif­
ference between the responses of lower supervisors and those of top 
executives, the following equation is used:
r k
directs one to sum over all (r) rows and
i=l i=lJ all (k) columns; i.e., to sum over all 
cells.
The next step involves the determination of the number of 
"degrees of freedom" (df) characterized by the data; i.e., the number 
of cells whose frequencies are free to vary once the marginal totals 
and frequency value of one cell have been determined. For an r by k 
table, this is given by the equation:
icance of the data may be determined from a pre-calculated table 
which cites the critical values leading to the rejection of the null
observed number of cases categorized in
row of j column;
Eii = number of cases expected under H to be
categorized in the i*-*1 row of j11*1 column; and
df = (r - 1)■(k - 1)
where, r = number of rows, and k = number of columns, 
o
When both X and df have been calculated, the statistical signif-
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hypothesis at various "levels of significance" (°C) .
For the example above, the necessary calculations are:
X 2 = U 2  - 19.9)2 + (32 - 24.1)2 + (22-16.3)2 + (14-19.7)2
19.9 24.1 16.3 19.7
+ X 9 "..,.6-:.§)2 + .(6 ~ 8 .2)2 = 3.14 +  2.59 + 1.99 + 1.65
6,8 8 *2 + 0.71 + 0.59 = 10.67
df = (3 - l)-(2 - 1) = 2 • 1 = 2
The chi-square table indicates that these values show significance
beyond the level of 0.01, since the critical value of X 2 = 9.21 for
oC= 0.01 and X 2 = 13.82 for Ot = 0.001. This would lead, in the
example case, to the rejection (at any level of significance beyond
0 .0 1) of the null hypothesis that lower supervisors and top executives
perceive the same degree of impact from computerization.
The chi-square test may require the "collapsing" of cells; i.e.,
the combining of adjacent cells, if the expected values are too small.
The general rules to be applied in assuring meaningful results are:
(1) that fewer than 2 0 .0- percent of the cells should have expected
frequencies lower than 5.0, and (2) that no .cell should hove an
expected frequency lower than 1 .0 .
Median Test for k Independent Samples
The extension- of the [two sample) median test determines 
whether k independent groups (not necessarily of equal 
size) have been drawn from the same population or from 
populations with equal medians. It is useful when the 
variable under study has been measured in at least an 
ordinal scale.^
A
Ibid., p. 179. Also, see pp. 111-116 and 179-184 for the com­
plete text underlying the summary presented in this section.
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As in the case of the chi-square test, the median Lest procedure 
begins with the construction of an r by k contingency table. For this 
test, the original table is then reduced to a 2 by k matrix by dichoto­
mizing all row frequencies within a given column using the combined 
median value for all responses as the separation criterion; i.e., all 
rankings above the median are placed in one row, and all scores below 
the median are placed in the other row.
For example, if the same data utilized in the previous section 
for the illustration of the chi-square analysis are retained, the 2 
by k contingency which results is the one shown below. (Note: because
of "ties" among rankings, the combined median falls within the "mod­
erate1' classification, but is closer to "slight" than to "much."
Hence, "above median" includes all responses of "moderate and "much" 
impact, while "below median" includes only rankings of "slight" computer 
effects.)
Supervisors Executives Total
44 
51
Total 43 52 95
The probability of the occurance of these dichotomized observed 
frequencies may now be determined by the former chi-square test 
procedure. This again involves the calculation of expected frequencies 
for the dichotomized table. Computed as described in the previous 
section, the resulting contingency table for expected frequencies 
is:
Below Median 
Above Median
12 32
31 20
,Supervisors Executives Total
Below Median 19.9 24.1 44
Above Median 23.1 27.9 51
Total 43 52 95
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Next, X and df values must be calculated, as before: 
.2 1N2x2 = (12 - 19.9) + (32 - 24.1) + (31 - 23.1)2+  (20 - 27.9K
19.9 24.1 23.1 27.9
= 3.14 +  2.59 + 2.70 +  2.24 + = 10.67 
df = (2 - 1)*(2 - 1) = 1 * 1 = 1
The critical values in the chi-square table lie at = 6.64 for 
oC= 0.01 and X^ = 10.83 for OC= 0.001. Thus, these data again show 
that the null hypothesis of no difference between the observations of 
the two groups of managers may be rejected at any level of significance 
beyond 0.01. (Technically, the point of rejection falls between the 
levels of oC= 0 . 0 1 and o£ = 0 .0 0 1 , being somewhat closer to the latter.)
It should be noted that the results for these example data show 
the same significance for both chi-square and median tests of the null 
hypothesis. This occurs because of the large number of "ties;" i.e., 
same response rankings for different groups of managers, which 
inevitably result when only three possible ranking choices are 
available. A more impressive example might have been chosen to 
illustrate the sometimes greater power of the median test over the 
chi-square test, but the phenomenon demonstrated here was common in the 
analysis of the actual data for this dissertation, thus leading to a 
lack of any real advantage in using the median test in preference to
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the chi-square test.
Kolmogorov-Smirnov Two-Sample Test
The Kolmogorov-Smirnov two-sample test is a test of 
whether two independent samples have been drawn from 
the same population (or from populations with the same 
distribution). The two-tailed test is sensitive to any 
kind of difference in the distributions from which the 
two samples were drawn--differences in location (cen­
tral tendency), in distribution, in skewness, etc. . . ,
This test is concerned with the agreement between two 
cumulative distributions.-’
The Kolmogorov-Smirnov testing procedure begins with the cal­
culation of a cumulative frequency distribution for each sample of 
observations. Then both distributions are reduced to an overall 
common denominator, and the differences between the intervals of the 
two distributions are calculated for each step facilitated by 
response categories.
For example, if the same data use previously in this Appendix 
for the chi-square and median test illustrations are retained, then 
the two cumulative distributions, reduced to decimals for the common 
denominator, are:
Slight --- *-- Moderate — -j■** Much
Supervisors
12
43 " °*279
34
43 = 0.791 -P
'l
-C
'
Lo
|u
j
II 1.000
Executives
32
^ 2  = 0.615
46
■32 " 0.885 11
CMlCM
m|uo 1.000
Difference 0.336 0.094 0.000
-’ibid., p. 127. Also, see pp. 47-52 and 127-136 for the com­
plete text underlying the summary presented in this section.
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The Kolmogorov-Smirnov test focuses on the largest of the dif­
ferences between the two sets of step functions, maintaining that if 
the two cumulative distributions are "too far apart" at any point, then 
the two samples cannot have been drawn from the same population.
In the symbolism used by Siegel to express this concept, let 
Sn].(X) equal the observed cumulative step function for one of the 
samples, while signifying the other by S^tX). The absolute difference, 
then, is given by the expression jsn^(X) - Sn2(X)J for any particular 
interval. Then, let D equal the maximum |sn  ^ - j observed in the 
data. Once calculated, this value may be inserted into a table 
expression which requires a sub-calculation to determine the level of 
significance.
In the example data above, D = 0.336 since that is the point of 
widest divergence between the two sample distributions. Critical 
values of D in the table for these data may be obtained through 
interpolation:
I n^ + n2 / 43 + 52
For o£= 0.025, D = 1.48 / -------  = 1.48 / --------- = 0.306
"V nln2 'Sj 2236
I^ij~+~n2 /43 + 5 2 '
For o1= 0.01, D = 1.63 / -------  = 1.63 / --------  = 0.337
A J n in2 V  2236
Thus, the actual value of D = 0.336 is very close to the critical
value accompanying oC= 0.01. Moreover, it is now corroborated by
all three nonparametric tests that these illustrative data are 
significant at levels beyond 0,01, Siegel asserts that, "the 
Kolmogorov-Smirnov test seems to be more powerful in all cases than
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either the chi-square test or the median test."6 For these particular 
data, however, all three nonparametric tests produce comparable 
results; i.e., the two groups of sample responses are shown by all 
three tests to be significant beyond the 0.01 level. The primary 
advantage of the Kolmogorov-Smirnov test for the data analysis re­
quired in this dissertation lies in its ability to make more efficient 
use of the data obtained through the questionnaire (as explained on 
page 157 in Chapter VI). The stringent cell size requirements noted 
for the chi-square and median tests do not apply to the Kolmogorov- 
Smirnov test, thus allowing comparisons among the responses of forty 
groups of managers and functions rather than only six such samples.
6Ibid., p. 136.
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